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SUMMARY 
NaP is reported to act as an antimutagen in certain genetic 
systems, and appears to selectively eliminate chemically-induced 
chromosome breakage, These findings were investigated usingNeurospora 
crassa mutational systems with chemical mutagens and NaF post-treatment. 
The initial results provided indirect support for the earlier reports. 
Further analysis using systems which allow unambiguous determination 
of the various mutational end-points, showed that NaP is indeed acting 
as an antimutagen following the induction of the pre-mutational lesions. 
However, Nap is not specifically eliminating deletions; point mutations 
are also eliminated by fluoride. However deletions sometimes appear 
to be preferentially eliminated at higher doses of mutagen, but this 
is possibly due to the greater proportions of deletions being induced 
at these higher doses. 	Storage of mutagenized conidia also has an 
antimutagenic effect. 	This prevented the timing of the NaF-sensitive 
stages of mutagenesis. The biochemical basis for the action of 
fluoride probably lies in the modification of the pathways of mutation 
fixation, and to a lesser extent the expression of mutations. 
The re-examination of the original results prompting this study 
however, show that the reduction in the frequency of chemically-induced 
mutation SNaP can be accounted for by the differential uptake of the 
mutagenic solutions by the flies. However the re-examination of the 
- 	study showing that NaP reduced the frequency of chromosome breakage 
in human lymphocytes indicate that results are not arising from sampling 
artifacts or interactions in vitro, and therefore appears to result from 
a real antimutagenic effect. 
Therefore NaP generally acts as an antimutagen in N. crassa, but the 
magnitude and nature of the effect of fluoride on mutagenesis in general 
appears to be dependent upon a variety of factors and fluoride 
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INTRODUCTION 
A variety of heritable, changes can occur in the genetic material 
of eukaryotes but they fall into two basic groups: gene (point) 
mutations, in which the informational content of a gene is altered, 
and chromosome breakage (chromosome aberrations), which may lead to 
gross alterations in chromosome structure. 	Gene mutations can be 
studied at the molecular, biochemical, and genetical levels, and 
chromosome breakage at the genetical and cytological levels. 	The 
characterization of these end-points, however, provides little inform-
ation concerning the mechanism of their induction. 
Some of the early work that led to the characterization of gene 
mutations involved using the reversion pattern and mutagen specificity of 
the Rli system in T4 phage (e.g. Benzer and Freese, 1958), treated 
with base analogues and intercalating agents. 	Freese (1963) initially 
classified the mutations as either transversions (mutations which he 
assumed were caused by the substitution of a purine for a pyrimidine 
or vice versa) or transitions (mutations caused by the substitution of 
one purine by the other, or one pyrimidine by the other). 
The character of prof lavin-induced mutants (non-leaky) and their 
map positions compared with the leakiness and the map positions of 
base analogue-induced mutations (Brenner, Benzer & Barnett, 1958) led 
to a modification of this hypothesis, and mutations were re-classified 
as either resulting from base substitution (i.e. transitions and 
transversions) or from a frame-shift, which altered the register of 
the DNA code. 
Later results of Streisinger et al-. (1966), and Brammar et al. 
(1967) provided independent evidence for the occurrence of frame 
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shift mutations and evidence for transversions and transitions came 
from, among others, the extensive work of Sherman's group on the iso-l-cyto-
chrome C gene in Saccharomyces cerevisiae(Prakash etal.1974). The: amino 
acid sequences of the iso-l-cytochrome C protein and its mutant forms 
were determined and the changes occurring at the DNA level were deduced 
from the genetic code. 	Direct verification of their conclusions came 
when the DNA base sequence of the gene was obtained by direct nucleo-
tide sequencing (Smith et al,, 1979) 
However this sequencing approach is not necessary for the 
characterization of mutations, and Drake has been developing tester 
strains of T4 phage, based on the three nonsense codons: TJGA, UAA 
and UAG, which will revert specifically and give unambiguous evidence 
of whether a mutagen is able to produce transversions or transitions 
or both (Drake and Baltz, 1976). 
F.J.de Serres adenine-3 forward mutation screening system of Neurospora 
crassa also allows a detailed analysis of gene mutations (de Serres & 
Malling, 1969). The type of mutation, base pair substitution and 
frame shift inferred from revertibility data, proved to be correlated 
with the allelic complementation patterns. 	Complementation leakiness 
and temperature sensitivity also provided an additional set of criteria 
for classifying mutants. 
Thus the changes occurring at the molecular level in the DNA are 
capable of detailed description, but again this provides little in-
formation concerning the actual mechanism of induction. 
Our understanding of the mechanisms of chromosome breakage is 
even more limited. The recent technical advances in electron and 
light microscopy have increased our knowledge of chromosome structure, 
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but they have not significantly increased our understanding of the 
molecular mechanisms which give rise to chromosome aberrations. 
Chromosome aberrations, like gene mutations, can be induced by 
a variety of agents. 	Agents capable of causing direct breaks in 
the DNA, e.g. X-rays, y-rays (Lettetal., 1967) 	also causef breaks 
in the chromosome (Wolff, 1961). 	Chemicals that can be directly in- 
corporated into the DNA of chromosomes, e.g. radioactive deoxyribo-
nucleotides, can cause breaks both in the DNA (Cleaver etal., 1972) and 
the chromosome (Klevecz and Hsu, 1964). 	Similarly alkylating agents 
can break both the DNA (Lawley, 1966) and chromosomes (Evans and 
Scott, 1969), and agents that intercalate with DNA can also induce 
aberrations. 
Yet damage to the DNA, i.e. double-stranibreaks, is not the sole 
requirement for chromosome breakage since there are far more double-
strand breaks than apparent chromosome breaks per cell (Veatch and 
Okada, 1969). 	Some other factors are evidently involved. 
Aberrations can be classified into two types, on the basis of 
the time of their induction relative to the time of DNA replication. 
Chromatid-type aberrations are produced during, or following DNA 
replication, whereas chromosome-type aberrations are produced when 
the breakage event occurs in Gl prior to replication, with the re-
sultant aberrations appearing at identical loci in both chromatids. 
Different spectra of chromosome aberrations are produced by 
different mutagens, e.g. UV-and a majority of chemicaL mutagens appear 
to require the cell to go through division before the initial lesions 
are converted into breaks, and these are of the chromatid-type. X-
rays can produce both types of aberration, depending upon the time 
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of irradiation of the cell (Evans, 1977), 
The chemically-induced chromatid aberration may well be fixed 
during S-phase, following the production of the lesion, whereas a 
substantial part of the damage induced by X-rays consists of both 
single- and double-stranded breaks in the phospho-diester backbone 
of the DNA duplex, Brewen (1977) found far more TEM-induced chromo-
some aberrations were produced if there was an intervening round of 
DNA synthesis. 
Allowing cells to pass through S-phase, however, introduces the 
additional variable of time, as Slyzinska (1973) has frequently 
stressed. 	Thus time may be just as important as DNA synthesis in 
the realisation of chemically-induced aberrations. 	Gichner and 
Veleminsky (1977) found evidence of this in stored DES-treated barley 
seeds under conditions preventing.DNA replication. 	Storage led.to 
an increase in the frequency of chromosome breakage, and lowered the 
incidence of chromatid-type aberrations. 
Translocations increased rapidly in stored Drosophila sperm 
following treatment with chemical mutagens, but not X-rays, and 
Auerbach (1951) believes this results from the latency of chemically-
induced breaks, which only become realised with time, 	This early 
hypothesis was amply confirmed,though still unexplained in mechanistic 
terms, when Slizynska (1969, 1973) found that the spectrum of TEM-
induced chromosome aberrations in Drosophila sperm changed with in-
crease in storage time conforming to the spectrum of aberrations 
found after X-irradiation. 	More recently, storage of mitomycin C- 
treated Drosophila sperm was found not to alter the frequency of sex-
linked recessive lethals, but did increase the frequency of 
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translocations (Shukla and Auerbach, 1979), 	These observations 
all emphasise the role of time in allowing the process of chromosome 
breakage to go to completion. 	So, time can possibly replace DNA 
replication as a requirement for the production of chemically induced 
chromosome-type breaks. 
There is an obvious need for developing any approaches that will 
enable the various processes leading to the production of gene mutations 
and chromosome aberrations to be understood more fully. 
One way of trying to probe the mechanisms of mutagenesis (both 
gene and chromosomal) is to study the effect of various ancillary 
treatments. 	This is particularly useful when the effect is specific 
for one or another product of mutagenesis. 
Modifications of mutant yield can operate at various levels, 
including the. alteration of.mutagen supply to the cell. 	Physical. 
and chemical barriers can prevent or limit the amount of mutagen 
reaching the target DNA. 	Ames etal, (l973á) found that more mutagen 
penetrated the cell of a mutant of Salmonella typhimurium with a de-
fective lipopolysaccharide cell wall, than the wild type cell, 
Chemical and enzymatic interactions can modify the potency of 
the mutagen, e.g. the mixed function oxidases of liver microsomes can 
alter the reactivity of chemicals by either activating or detoxifying 
them (Ames et al., 1972b). Modifying agents can compete with the 
mutagen for the reactive sites of DNA, and effectively lower the supply 
of the mutagen reaching the target. 	Acriflavin, when used as a pre- 
treatment, reduces the extent of dimerization by UV, by deflecting 
energy from the DNA (Sutherland and Sutherland, 1969). 	Alternatively, 
agents can render the target DNA more susceptible to attack by the 
mutagen by fixing DNA target radicals (Chapman et al., 1975), 
6 . 
Mutagenesis is also modified by various DNA repair systems 
which have different capacities to repair genetic damage. 	Some 
repair systems appear to be error-free, e.g., excision repair, though 
certain excision repair systems, e.g. "long-patch" in E. cOli, may 
create conditions suitable for mutagenic processes to act (for review 
see Witkin, 1976). 	Other systems are error-prone, e.g. the inducible 
"SOS" repair system in E. coil (Witkin, 1976), and these are important 
in the mis-repair pathways of mutagenesis with a range of agents. 
The yield of mutations will be affected by which repair systems are 
present in the cell, and by the relative extents to which they act. 
A variety of chemicals and conditions have been successfully 
used to alter gene mutation induction. 	Caffeine is one of the more 
widely used modifying agents. 	It enhances induced genetic damage 
in both pro- and eukaryotes. The overriding factor in this enhance-
ment of damage appears to be the inactivation or inhibition of DNA-
repair processes, 	T'so and Lu (1964) showed that caffeine binds 
effectively to double-stranded DNA with short single stranded regions. 
Enhancement of damage induced by UV and chemical mutagens in prokar-
yotes was attributed to an inhibition of excision repair by caffeine. 
Caffeine inhibits the excision of pyrimidine dimers from DNA 
(Sideropoulos and Shankel, 1968), and cells deficient in excision 
repair were generally resistant to the lethal effects of caffeine 
(Grigg, 1968), although Witkin and Farquharson (1969) found that 
caffeine had some residual effects on the recombinational repair of 
DNA gaps. 	Shimada and Takagi (1967) suggested that caffeine inhibits 
the introduction of a first clip in the DNA near the altered nucleo-
tides. 
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The effect of caffeine on eukaryotic mutagenesis is not so 
clear. 	Certain post-replication repair systems are believed to be 
inhibited by caffeine (Arlett et'al., 1975) but excision repair is 
unaffected. Caffeine can enhance the mutation frequency in mammalian 
cells (Roberts etal,, 1974), 
The mutagen, -DEB, is another agent that appears to modify muta-
genesis by its action on the repair systems of inutagenized cells. 
The results of the after-effect of DEB in Neurosporacrassa (Kolmarck 
/ 
	
	and Kilbey, 1962.) indicated that the DEB was not only inducing 
mutations, but also sensitizing the treated cells to further niutagen 
treatment. 	This sensitization was a transient process and only 
k. 
persisted for up to four hours (Kolmarck and Kilbey, 1968, h DEB 
appears to be inactivating an enzyme concerned with repair, which 
could becontinuouslyresynthesized ata low rate and was, therefore, 
steadily replaced within a few hours after the removal of DEB. 	The 
actual component or components being affected by DEB is not known. 
Modifications in physiology, having no apparent connection with 
repair, can also alter the mutation yield. 	These changes, like 
other modifications previously mentioned, may be environmentally pro-
duced, or-related to the genetic background of the cell. 
Mutations altering the physiological conditions of the cell can 
not only alter mutation induction, but also mutagen specificity, as 
Auerbach and Ramsay (1973) found when poky was incorporated into 
Kolmarck's diauxotrophic strain of N. crassa (adenine 38701; inositol 
37401). Poky is a mutation which leads to a loss of several cyto-
chromes, and thus alters the available energy in the cell. 	The inos 
+Lq 'IurS•ø p111t( 
allele reverted infrequently in non poky strains, whereas UArose 
significantly when placed in a poky background. 	The ad reversion 
frequency was unaffected. 
The age of the culture also affects the mutagen specificity and 
mutational yield. Young UV-treated cultures produced more inos than 
ad reversions, yet this trend was reversed in older cultures (Kilbey 
and Purdom, 1974), The physiological actlaiand genetic control at 
work are not understood, but may be related to the expression of 
adenine revertants. 
Some of these later studies could be described as genetic back-
ground effects, similar to that found by Chopra (1967) with trypto-
phan () reversions in E. coli, 	The tryptophan allele did not re- 
vert if the adenine auxotrophic allele was also present in the strain. 
In N. crassa, anthranilic acid, not tryptophan, has to be used to 
support the growth of tryptophan mutants if the strain is also methyl-
tryptophan resistant (mtr) (D, Stadler - personal communication). 
Environmental alterations in physiological conditions also 
modify mutagenesis. changes in the levels of oxygen and nitrogen 
led to a decrease in the radiation-induced mutation frequency 
in Drosophila (Sobels, 1964). 	Inhibitors of protein synthesis and 
energy production, e.g. iodoacetarnde, cycloheximide, and hydroxyurea 
can also modify mutagenesis (Mukherjee and Sobels, 1968), but the re-
sults and interpretations of the modifying effects are not always 
clear. 
Variations in temperature during chemical treatment also modified 
gene mutation frequency as well-as altering the proportion of lethals 
to semi-lethals in Drosophila (Ivashchenko and Grozdova, 1972), 
Thus external treatments and the genetic background of the cell 
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can exert a significant influence on mutagenesis, and the cell may be 
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prevented from expressing the mutant phenotype, even if the DNA has 
been altered. 
These studies on modification of mutagenesis have facilitated 
our understanding of gene mutation induction, and shown it to be a 
complex process. 	DNA-repair mutants and metabolic inhibitors have 
been especially useful, and it now appears that gene mutations result 
from errors in replication and repair, following damage to 
the DNA by the. mutagen (Drake and Baltz, 1976). 
Chromosome breakage is also susceptible to modification by a 
variety of agents and conditions, apart from the amount of clastogen 
reaching the chromosome,and whether it requires activation, e.g. 
Iiitomycin C, a potent clastogen, requires enzymatic conversion before 
it becomes active(V3., l0t17'. 
Modifications of. the.repair of induced lesions may also... lead..to - 
alterations in chromosome aberration frequency. Xeroderma pigmentosum 
(XP) cells (deficient in DNA-excision repair) show repair specificity 
to different clastogens. Sasaki (1973) found XP cells display a reduced 
capacity to repair 4.NQO-induced damage, but could repair MMS-induced 
damage. . Wild type cells could repair both types of damage. 	This 
suggests that if removal of repair destroys the capacity to produce 
chromosome aberrations, then DNA repair systems will have differential 
capacities to alter chromosome breakage frequencies. 	DNA-repair 
systems may be highly specific for the lesions they repair. 
Caffeine is regularly used as a modifier of clastogenesis and 
it increases the *frequency of chromosome damage in a variety of systems, 
e.g. Vicia faba (Kihiman, 1974), and Chinese hamster cells (Sturelid, 
1976). 	These enhancing effects may well be associated with an effect 
on DNA repair systems. 
Modifications of physiological conditions are known to affect 
chromosome breakage also, e.g. by alterations in oxygen level and 
temperature (Kihlman, 1966). 	Respiratory inhibitors and anoxic 
conditions reduce the clastogenic potency of. a variety of chemicals 
(Kihlmen, 1966), and lowering the pH increases the incidence of 
chromosome breakage (Kihlman, 1956). 	However, this modification 
may result from subsidiary changes in the permeability of the cell 
membrane to the mutagen. 	Any alterations in pH would not, therefore, 
be expected to affect X-ray induced chromosome breakage. Whether 
this has been tested is not known. 
Damage to the DNA appears to be an important factor in the in-
duction of chromosome breaks, with double strand breaks being an 
essential requirement. There also has to be an associated cleavage 
In the chromosomal proteins however before the breaks are.- fully 	S 
realised. 
Stadler (1931) proposed that there was a breakage of the chromo-
some first, followed by a rejoining of the mutagen-induced broken ends, 
However Revell (1966), in his exchange hypothesis suggested that the 
cell's own processes of repair produced the chromosomal aberrations, 
via the production of exchanges between the damaged chromatids and 
chromosomes, following mutagen treatment. Evidence has accumulated 
in favour of the exchange hypothesis, and Wolff (1969) has shown that 
repair of chromosome breakage after irradiation is dependent upon 
protein synthesis. 	Certain objections to the exchange hypothesis 
have been put forward, and Veatch and Okada (1969) indicate that both 
processes may be at work in producing chromosome aberrations. 
Evans (1977) believes that DNA repair has a very important role 
10. 
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in the production of chromosome breaks. 	 He proposes that 
both heteroduplex and post-replication repair are involved in breakage, 
with adjacent damaged sites of chromatids forming the heteroduplex, 
but there is no evidence to support this. 
Excision repair does not appear to be involved since excision 
deficient cells show no deficiency in the frequency of chromosome 
breakage (Wolff and Scott, 1969) compared with normal cells. 
The above examples illustrate how useful modifying agents and 
conditions have been in increasing our understanding of mutagenic 
processes, even if some modifications only further complicated the 
interpretation of the process involved. 
Unfortunately, few systems are available which allow comparisons 
to be made between the induction and modification of both chromosome 
breakage and gene mutation, in the same organism, e.g. the modification 
of both end points by caffeine treatment in the same experiment. 
Such experiments would allow a direct comparison of the induction and 
expression of both end-points. Drosophila mutation screening systems, 
and de Serres' adenine-3 system of N. crassa (1969) are two of the 
few systems where such comparisons are possible. 
Higher concentrations of mutagen are required for the induction 
of chromosome aberrations in Drosophila, than the induction of recessive 
lethals (Vogel and Leigh, 1975), 	Recessive lethals can result from 
either gene mutations affecting indispensable genes, or deletions of 
one or more genes of which at least one is indispensable. 	These re- 
suits Indicated that gene mutations were induced at lower doses of 
mutagen than chromosome aberrations. 
found that the ratio of reparable (homozygous 
viable) to irreparable (1omozygous inviable) adenine-3 mutants changed 
with increasing dose ofMMS. 	Reparable adenine-3 mutants probably 
result from gene mutations, whereas irreparable mutants probably 
arise from deletioi covering the ad-3 region plus other indispensable 
genes. 	At low doses approximately 90% of the ad-3 mutants were 
reparable, whereas only 50% were so at the higher doses. - 
An indication of this trend was also seen in EMS-treated mouse 
sperm. 	A significant alkylation of ]A and protein was obtained 
with low doses, but ten times that dose had to be administered to 
sU4s. 
induce 	- 	 '-- 	(Sega eta1., 1974) 0 	Since no 
mutation data was obtained the comparison is not complete, and the 
only conclusion that can be made is that low levels of alkylation of 
DNA and protein need not induce chromosome breakage. 
Unfortunately the systems of N. crassa and Drosophila are both 
very laborious,. and methodological limitations prevent certain modify-
ing conditions and treatments from being used. Even basic forward 
mutation experiments in both systems are cumbersome compared to other 
systems in which selection of mutations is practised. 	They have, 
nevertheless, produced some interesting results with modifying agents. 
One potentially important result forms the starting point for this 
thesis. Data were presented which suggested that one such modifying 
agent could differentially act on chemically-induced chromosome break-
age, reducing its frequency drastically. 
Vogel (1973) reported that sodium fluoride (NaP) altered the 
frequency of recessive lethals in Drosophila. It was of special 
interest since NaP appeared to be specifically excluding recessive 
120 
lethal mutations arising from chromosome breakage, but not gene mutation. 
Vogel found a strong antimutagenic effect with NaP on the 
13. 
mutations induced by trenimon and PDT in Drosophila males. NaP ad-
ministered orally simultaneously with trenimon, a potent clastogen 
and mutagen, led to a sharp reduction in the frequency of trenimon- 
induced recessive lethals. 	A less marked reduction was seen with PDT, 
a less potent clastogen, and it was almost absent with A-137, a weak 
mutagen which has so far failed to induce chromosome breaks in 
Drosophila. The antimutagenic effect of NaF did not occur if the 
NaP was administered as a pre- or post-treatment. 
A direct in vitro interaction between NaP and the mutagens was 
discounted since the mutagens should have hydrolysed more quickly 
than they could react with Nap. 	Furthermore, the mutagens should also 
react more quickly with NaCl than NaP, yet NaCl showed no antimutagenic 
effect when used in the system. 	Finally, since trenimon and A-137 
are chemically related, they may be, expected to take part in similar.. 
chemical reactions with Nap, yet they. showed marked differences in the 
degree of antimutagenicity with NaP. 
Vogel concluded that NaP specifically inhibits induced chromo-
some breakage, since the degree of inhibition of recessive lethal 
mutations by NaP was correlated with the clastogenic efficiency of 
the mutagens used. 
This proposal gained support when BUchi and BUrki (1975) showed 
that NaP reduced both trenimon-induced chromosome loss and dominant 
lethality in mature Drosophila sperm, but NaP had reduced anti-
mutagenicity with PDT. No antimutagenic effect was produced when 
the males were treated with trenimon and the females fed with NaP. 
Mendelson (1976) investigated whether NaF was affecting any 
specific repair system in Drosophila by mating Nap-fed females with 
14. 
X-ray irradiated males. No alteration in sex-chromosome loss or 
translocation frequencies were seen and it was concluded that NaP 
fails to inhibit maternal repair in Drosophila oocytes. 
Trenimon and ;NaF were also administered simultaneously to Phyrne 
cincta and the yield of dominant lethals was reduced, again indicating 
the suppressive influence of NaF on chemically-induced chromosome 
aberrations (Ieraelewski and Obe, 1977). 
To determine whether the inhibition of chromosome breakage by NaF 
could be studied at the cytogenetic level, chemically-induced chromo-
somal aberrations treated with NaF were studied (Obe and Slacik-Erben, 
1973; Slacik-Erben, 1976). 	NaP proved not to be clastogenic itself, 
but it reduced the frequency of aberrations induced by alkylating 
agents, one of which being trenimon. 
The frequency of chromosome breaks, isochromatid breaks and 
chromatid translocations induced by the ethyleneimines A-139, TEB, 
and trenimon, w.S: lowered with combination treatment withNaF. This 
strong antimutagenic effect 	NaF exhibited could have resulted from 
an effect of fluoride on the cell cycle, resulting in different parts 
of the cell populations of NaP-treated and untreated series being 
sampled at different times in the cell cycle. 	This was tested by 
measuring the time of DNA synthesis and mitotic indices. 	The time 
of incubation between NaP treatment and cell sampling time was also 
varied. Trenimon treatment alone retarded the cell cycle of up to 
20 hours as compared with the control series. 	Fluoride and trenilnon 
treatment also retarded the cell cycle, and altered the time of DNA 
synthesis but not the mitotic indices as compared with the trenimon 
treatment alone. This was perhaps due to reduced alkylation in 
cellular DNA in the presence of NE 
15,, 
Continuous treatment with NaP did not significantly protect the 
cells from trenimon-induced damage, and a convincing explanation was 
not forthcoming. They concluded, however, that NaF had a real anti-
mutagenic action on the mutagen treated cells. 
Further evidence that NaP was an antimutagen was obtained by 
Olszewska et al, (1977), when NaP in the plating medium reduced the 
frequency of DEB-induced recessive lethals in N crassa, There was. 
no reduction in the frequency of chemically-induced reverse mutations 
in N. crass a with fluoride post-treatment. 	Since reverse mutations 
are unlikely to result from chromosome breakage events, this result 
supported the proposition that the antimutagenic action of NaF is 
directed at the inhibition of mutation production resulting from 
chromosome breakage. 
In contrast other workers found that N.aF enhanced-genetic-.damage. 
Post-treatment of Drosophila males with NaF following X-ray irradiation 
enhanced the recessive lethal frequency (Mukherjee and Sobels, 1968), 
and redistributed the frequency of lethal and sub-lethal mutations in 
Drosophila males irradiated with y-raysunder anaerobic and aerobic 
conditions (Ivashchenko et al,,, 1971). 	NaF possibly reduces the energy 
available for repair systems, since NaP is a potent enzyme inhibitor 
and is known to lower glycolysis, specifically by attacking enolase 
(Fluoride, 1971). 
nhancement of mutation frequency by NaP was found with 
EMS-treated barley (Khalatkar et a1,, 1975). 	NaP increased the fre- 
quency of EMS-induced chlorophyll mutations, but was not mutagenic 
itself, and it did not affect the uptake of EMS or the alkylation of 
the macromolecular fraction, . It was therefore operating after the 
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induction of premutational lesions. 	Ivashchenke and Grozodova 
(1972) found NaF had no enhancing or antimutagenic effect upon the 
mutagenic activity of nitrosourea in Drosophila. 
Any mutagenic activity 'of NaP would have to be considered when 
interpreting the data on modification. Early reports stated that 
NaF is a weak mutagen in plants (Mohammed etal., 1966; Galal and 
Abd-Alla, 1976; Bale and Hart, 1973). 
The data on microbial and animal systems is not so conclusive. 
Various workers found NaF to be a weak mutagen: Mitchell and Gerdes 
(1973) with Drosophila; Jagiello and Lin (1974) with mammalian 
oocytes; Mohammed and Chandler (1976) with mice, 	Martin's group 
(Kram etal.,, 1978; Martin etal,, 1979) found that NaF was not muta-
genic in microbial or rodent mutation systems. Thus NaP may be a weak 
mutagen in some plant species butits mutagenicity in animal systems 
is doubtful. 
If NaP is a true antimutagen and differentiates chemically-induced 
chromosome breakage events from gene mutations, it would be a most 
potent tool for studying both end points. 	It would be necessary to 
determine whether NaP behaves similarly in a variety of systems before 
accepting Vogel's (1973) and Slacik-Erben and Obe's (1976) interpre-
tations as correct. 
The primary objectives of the thesis were therefore twofold: 
To examine the general applicability of fluoride as a means 
of distinguishing gene mutations from chromosome damage in 
various systems, 
To examine the fluoride effect itself in an attempt to under-
stand the basis of its action, 
17. 
The first objective was achieved by testing the effects of 
fluoride inNeurosporacrassa mutation systems. These had the ad-
vantages of simplicity and rapidity coupled with the chromosomal 
organization of eukaryotes. Methods were available to-score but not 
to differentiate between recessive lethals which were either intra-
genic or chromosomal in origin. Such a system could provide quanti-
tative reductions in mutation frequency, but to investigate the 
antimutagenic effect of NaF at the qualitative level, it was necessary 
to develop new strains of N. crassa and to use de Serres' ad-3 
system, both of which were carried out. 
Mutagens whose specificity and mode of action are at least 
partially understood were used in the N. crass a studies. 	Storage 
post-treatments were also used as modifying treatments for comparisons 
with NaY post-treatment effects. 
The second objective involved a critical re-examination of the 
fluoride effect in both Drosophila and the human leukocyte system. 
18. 
MATERIALS AND METHODS 
MEDIA - 1. 
Media used with Neurospora crassa strains in Edinburgh. 
All media used consisted of (a) an inorganic salt solution (b) a 
carbon source. 	1.5% Agar (Difco) was added to form a solid substrate 
for the N. crassa. 
Three types of salt solution were used: 
Fries Minimal salts, No. 3 	(5 x's) 
Westergaards salts 	 (20 x's) 
Vogels salts 	 (50 x's) 
(1) Fries Minimal Salts No. 3 













NH  (CHOII.COON H 4 ) 
2  Ammonium Tartrate 
NH  NO  Ammonium Nitrate 
KH 2 PO4 Potassium dihydrogen phosphate 
NaCl Sodium Chloride 
CaC12 Calcium Chloride 
MgSO4 Magnesium sulphate (71120) 
Trace elements 
Biotin 




!vDIA - 2. 
Biotin stock solution 
1 litre total volume 
1120 	 500 ml 
95% ethanol 	500 ml 
Biotin 	 10 mg. 
Fries Trace Elements (Also used with Westergaads salt solution) 
1 litre 
1120 	 S 	 1000 ml 
Na2 B4 07 101120  Sodium borate-k . 	 88.4 mg 
CuC12 21120  Cupric Chloride 	 268,0 mg 
FeCl3 61120 Ferric. chloride 	 970,0 mg 
Mt 	120  Manganese chloride 	 72,0 mg 
(NH4) 6 0Mo 7024 Ammonium molybdent 	36,7 mg 
ZnC12 Zinc chloride 	 4160,0 mg 
Each salt was added separately and dissolved before the next one 
was added, 
(2) Westergaads salt solution (20 x's) 
1120 water 	 1000 ml 
KNO3 Potassium nitrate 	 20 g 
Potassium dihydrogen phosphate 	20 g 
MgSO40 71120  Magnesium sulphate 	 20 g 
NaCl Sodium chloride 	 2 g. 
MEDIA - 3, 
(3) Vogel Salt Solution 
H 
2 
 0 750 ml 
Na3 .Citrate,5H2O 150 g 
250 g 
N11 4 .NO3 100 g 
MgSO4 ,7H20 10 g 
CaC12 02H2O (dissolved in 	100 ml H 2  0 
then added) 5 g 
Trace elements (Vogels) 5 ml 
Biotin 2.5 ml 
Total volume 1000 ml 
Vogels Trace Elements 
H 2 0 	
95 nil 
Citric Acid, H 2 0 	 5 g 
ZnS040 7H20 	 5 g 
Fe (NH 4) 2 (SO 4) 2 .6H20 	 1 g 
CuSO4 .5H20 	 0.25 g 
Mr.SO4 .lH2O 	 0. 05 g 
H 3 B03 anhydrous 	 0.05 g 
Na2Mo 04 .2H20 	 0.05 g 
20 
only used with Vogels Medium, 
MEDIA - 4, 
(b) The Carbon Sources 
1% glucose was used as the carbon source with tube and flask 
cultures. 	If colonial growth was required then 1% Sorbose was used, 
with either 0,1% sucrose, or 0.05% glucose and 0,05% fructose,also 
being added. 
Any media that was used for crossing N. crassa strains had 0,2% 
sucrose as the sole carbon source. 
The basic media used were: 
Minimal medium, 
Minimal and the respective supplements. 
Glycerol complete, 
Crossing medium (Westergaard's). 
The various supplements used were: 
 adenine sulphate 40 mg/litre 
 pantothenate 20 mg/litre 
 methionine 40 mg/litre 
 inositol 10 mg/litre 
 nicotinamide 20 mg/litre 
 lysine 30 mg/litre 
 arginine. HC1 30 mg/litre 
 pyridoxine 10 mg/litre 
 tryptophan 40 mg/litre 
 •anthranilic acid 40 mg/litre 
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MEDIA - 5. 
Fries minimal medium 
Fries salt 250 ml 
Glucose 10 g 
Agar 15 g 
H 2  0 750 ml 
Glycerol Complete 
Fries salt 250 ml 
H 2 0 750 ml 
Glycerol 10 ml 
Casein hydrolysate 0.25 g 
Yeast extract 2.5 g 
Powdered malt extract 5 g 
Agar 15 g 
AdSO4  
40 mg 
Inositol 20 mg 
Crossing Medium (Westergaards) 
500 ml, 
Westergaard's salt 25 ml 
Distilled Water 475 ml 
Biotin 0,5 ml 
CaC12 0,5 ml 
Trace Elements 0.5 ml 
Vitamin 0.5 ml 
Sucrose 1,0 ml 
Pantothenate 0,1 ml 
22, 
Vitamin Stock Solution 
Use lml/litre. 
23. 



























DEB - 1,2,3,4 diepoxybutane 
]CEO - 1,2,7,8 diepoxyoctane 
DEN - diethylnitros amine 
Carofur - 3-amino-6-(2-(5-nitro-2-furyl)vinyl) pyridazine 
(F. Zimmerman, gift), 
A-137 - 2-ethyleneimino - 5,6,7,8 - tetrahydronaphthoquinone 
PDT - 1-phenyl,3,3,dimethyl triazene 
Trenimon - 2,3,5-tn (ethyleneimino) -1, 4-benzoquinone (Bayer) 
Mitomycin C 	(Sigma) 
UV - low pressure mercury vapour lamp (Hanovia No,, 772/64),, 
approximately 85% of the output of this lamp is at the 
25 37 A. 
Chemical mutagens dissolved, in water or DMSO. 
Cytogeneti'c's 'Experiment 
Heparinized peripheral blood - (Human donor) 
PPM I medium - (Flow) 
Foetal calf serum - Gibco Biocult. 
Heparin - (Evans) 
Phytohaemagluttin (PHA) - (Wellcome) 
Penicillin, streptomycin,.glutamine (Tissue Culture Unit, 
Pharmacology, I,,C,I). 





Co 1 cimi d 
Heparinized glassware 
Hams Tissue culture 
KC1 
Fixative (3 volumes Methanol : 1 volume of Glacial Acetic Acid) 
Giems a 
Buffer (pH 6.5 - 7,0) 
AcetQne 
DePex Mount ant 
Xylene 




Male Or-K Drosophila melanogaster 
Muller-5 female Drosophila melanogaster 





U- C sucrose solution 50 and 200 VCi/ml 
(Radiochemical Centre, Amershain) 
EMI Micellular scintillator NF 260 
NCS tissue solubilizer, 
25, 
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METHODS ,  
1, Atwood's System 
This system allows recessive lethals to be scored in a balanced 
Neurospora crassa heterokaryon (Atwood, Mukai and Pittenger, 1953). 
Component I requires methionine (met-7) and also contains the recessive 
amycelial marker (amyc, 4894). 	Component II is arginine requiring 
(arg-6, 29997). 
mating type 







Linkage group: 	 VIIR 	 IL 	I  
The heterokaryon grows on minimal medium whereas the homokaryons 
of CI and CII require arginine and methionine supplements respectively 
for growth. Furthermore, the CI homokaryon grows up on large spherical 
cells with hundreds of nuclei per cell, whereas the CII homokaryon and 
the heterokaryon show normal fungal mycelial growth. 
The heterokaryotic strain (amyc, met/arg) was first grown up on 
Fries minimal medium slants and the conidia were harvested. 	Glass 
beads (4mm diameter) were added to the cultures to break up conidial 
chains, and the conidia were suspended in sterile water or buffer. 
The suspension was filtered through pre-moistened cotton wool in a 
buchner funnel (76mm diameter), centrifuged twice at 2,000 rpm for five 
minutes, and the conidial pellet was then resuspended in water or 
buffer. 	This 	the basic protocol used for harvesting'N. ci-assa 
conidia. 
The resultU'5  suspension of conidia was diluted and counted in a 
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haemocytometer slide to obtain the concentration of the conidia. 
Alternatively, the absorbance of the suspension at 360nm was read on 
a spectrophotometer, and the concentration of the conidia was determined 
from a standard curve of conidial concentration versus absorbance. 
The suspensions were diluted appropriately and the mutagens were 
added. Treatments were either carried out in centrifuge tubes or lOOmi 
flasks, in a shaking water bath. Mutagen treatment was terminated 
byeither(a) centrifuging the conidial suspension for 5 minutes at 
2,000 rpm, pouring off the supernatant, and then resuspending and 
washing the cells with either a sodium thiosulphate solution (10%) or 
ice cold water, or (b) filter washing the suspension 	a buchner 
flask and membrane filter (oxoid) with either a sodium thiosulphate 
solution (10%) or ice cold water. 	The washed conidia were resuspended 
in ice cold water. 
The conidia were then diluted and then plated out at various con-
centrations on the "isolation plates" containing Fries minimal medium. 
These plates were also used to determine the survival percentages. 
After 3 days at 25 0C the plates were scored for survival and the hetero-
karyotic colonies on the minimal plates were picked for scoring. 
Survival was determined as the number of heterokaryotic colonies sur-
viving the treatment) expressed as a percentage of the number of colonies 
from the untreated series. 
The colonies were picked using small sterile glass tubes (approx-
imately 45mm long and 3-4mm diameter). The tubes were dry-sterilized 
in small 100ml beakers and covered with tin foil till use. Each tube 
containing an isolated colony was then pushed into a large petri dish 
containing minimal medium with a base of modelling clay (Plasticine). 
The clay-based plates were prepared by covering the bottom of a large 
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petri dish (140mm diameter) with a layer of Plasticine (2-3mm deep). 
The èovered petri dishes were then autoclaved,. cooled and sterile, 
molten minimal medium was poured over the plasticine. This methodp 
"bunching", allowed relatively large numbers of colonies -to be picked 
in a short space of time. 
Once "punched", the tubes were held in perforated wooden boards, 
covered with layers of cotton wool, and then incubated at 25 0C. After 
four days the conidia from the isolates were spread onto the methionine-
supplemented sorbose plates by the 'squirting' method. 
A Cornwall syringe and a plate divider (which Just fits inside a 
9cm petri dish and sections it off into 10 radial portions) are used. 
The dividers were sterilized in boiling water and then placed firmly in 
the agar of the minimal medium and methionine plate. The needle of 
the syringe was inserted -through the plasticine seal and the conidia 
were squirted out of the open end of the tube in 0.5m1 of sterile water. 
A tube was squirted into each alternate sector of the plate. 	- 
Five isolates were squirted per plate. The plate and dividers were 
then quickly inverted on a tripod stand and the excess water was 
drained off. 
After two days incubation at 25 °C the plates were inspected for 
the presence of amycelial colonies in the 5 sectors, using a low power 
dissecting microscope. 	Isolates with a recessive lethal in the 
amyce li al-methi onine less component (CI) failed to give amycelial 
colonies amongst the colonies with wild-type morphology. 	Isolates 
without a lethal mutation gave both types of colony. Potential re-
cessive lethal isolates -were checked thoroughly under high power mag-
nification (x 400) for amycelial colonies. 
29. 
2. Kolmarck's System 
This system screens for mutations to prototrophy at two loci in 
a Neurospora crassa strain. The macroconidiating double auxotroph 
requires both adenine and inositol supplements, since it carries the 
mutants adenine-3A (38701) and inositol (37401). 
Markers: 	 ad-3A (38701) 	inos(37401) 
Linkage group: 	 IR 	 VR 
Both alleles are revertible and thus single auxotrophy and double pro-
trophy can be achieved if one or both alleles revert to wild type. A 
closely linked suppressor of adenine-3A (38701) does exist (Allison, M,, 
1967). 	The adenineless (38701) and inositoliess (37401) mutations 
revert spontaneously with frequencies of about 5 and ], per i0 8 cells, 
respectively. 
The adenine-3A mutant causes the accumulation of purple pigment 
on medium with a low adenine supplement. The pigment is produced by 
the degradation of the intermediate which accumulates behind the meta-
bolic block. 	The strain also carries several unidentified colonial 
markers, and sorbose is not therefore required to induce colonial growth. 
The conidia in this strain lieclose to the surface of the agar. 
Conidia were collected from the agar slants by adding sterile H 2 0 
and scraping the surface of the agar with a sterile glass rod. 	The 
conidial suspension was then obtained in the usual way. 	The conidial 
7 concentration was adjusted with water to about 2 x 10 cells/ml, and 
the mutagen added. The treatment was 	 0 carried out at 25 C and the 
mutagen washed out either by centrifugation washing, or filtration. The 
conidiai suspension was divided into two aliquots, one a]iquot was di-
luted and about 100 cells were plated onto complete medium. These 
plates were incubated for 3 days at 25 0C and then the colonies 
counted for a survival estimate. 
The other aliquot was pipetted undiluted onto the base of the petri 
dishes (about 10 6 conitha/plate) and molten minimal medium supplemented 
either with adenine or inositol was poured on top. 	These plates were 
incubated at 25 °C for five days and the revertant colonies counted. 
Mutation rates per 106  surviving cells were obtained. 
Stadler's Recessive Lethal System (Stadler and Crane, 1979). 
The system screens for recessive lethal mutations using a recessive 
resistant marker in one component of aN. crassa heterokaryon. Both 
components of this balanced heterokaryon have the recessive marker 
mutants ragged () and crisp (cr), which result in the colonies being 
small, uniform andsuitable'for replica plating.. The forcing markers 
of components I and II are lys-5 (lysine-less) and ad-2 (adenine-less) 
respectively. 
ay colonies are albino and mutant strains carrying the select-
able recessive resistance marker mtr (methyl tryptophan resistance), and 
have an impaired uptake system for neutral amino acids. The hetero-
karyon and CII are sensitive to 4-methyltryptophan (4-mtr) and para-
fluorophenylalanine (pFPA), which inhibit the growth of wild type 
Neuropora, but nót'rntr mutants. 
CI : 	m.t.a. 	rg 	cr 	al-y 	lys-5 	+ 	mtr 
CII: 	m. t. a. 	rg 	cr 	+ 	 ad-2 	+ 
Linkage group: 
	
IR IIIR VR 
30. 
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The conidia were harvested and treated with the mutagen in the 
normal manner. Following removal of the mutagen about 200 conidia 
were plated out on: (a) minimal medium, (b) minimal medium and adenine, 
(c) minimal medium and lysine. These plates were incubated at 29 °C 
for 3 days and the number of colonies scored. 
Minimal medium replica plates were then made from all of the 
supplemented plates, and these were scored after incubating at 29 °C 
for one day. Survival estimates were obtained by determining the 
total number of heterokaryotic and both types of homokaryotic colonies, 
and expressing it as a percentage of the total number of colonies in 
the untreated series. 
The number of heterokaryons was determined from the average number 
of colonies on the minimal plates, and the minimal replica plates de-
rived from the two supplemented plates. 	The numbexof adenine and 
lysine homokaryotic colonies were obtained by subtracting the numbers 
of heterokaryons from the total numbers of colonies on the corresponding 
supplemented master plate. 
The heterokaryotic colonies on the minimal plates were then replica 
plated onto minimal medium supplemented with lysine and pFPA - the 
selective medium that only allows the lysine homokaryon to grow. 	Thus 
recessive lethal mutations in the rg cr al-y mtr lys component nucleus 
were being screened for. 
If the colony did not grow, it was assumed that a recessive lethal 
event had occurred. The putative recessive lethals were checked by 
picking conidia from the master plate colony, suspending them in water, 
and spreading the suspension on the' selective medium. 	Furthermore, 
conidia from the master plate were spread on minimal medium and lysine 
to see if any of the albino colonies of component I grew, ' If only 
árange colonies grew then a recessive lethal was scored. 
32. 
Stadler's mtr Forward Mutation System 
This is a forward mutation system of N. crassa which depends on 
uncovering a recessive resistance marker mtr. 	The mutations can be 
either deletions or point mutations. 	If the deletions are larke enough 
they can be recognised because they will uncover auxotrophic markers 
lying on either side of the mtr locus. 
The forcing markers in this balanced heterokaryon are pan-2 
(pantothenate requiring) in component I, and ad-2 (adenine requiring) 
in component II. 	Component I also has the marker pdx (pyridoxine re- 
quiring) and the markers col-4 (colonial) and arg-2 (arginine requiring) 
on either side of intr (4-methyl tryptophan resistance). 	These markers 
cover the region screened in the mutation studies, 
".' 4 map units +. 
+ 	pdx 	mtr 	col-4 	arg-2 	pan-2 	+ 	+ 
 
COT 	+ 	+ 	+ 	+ 	+ 	trp-2 	ad-2 
Linkage group: 	 IVR 	 VIP. 	IIIR 
Component II has a recessive cot marker (colonial temperature sen-
sitive), which grows as very small dense colonies at the restrictive 
temperature (32 °C). 	The trp-2 (tryptophan requirement marker) is 
present to detect revertibility of any mtr mutants, since mtr mutants 
cannot utilize tryptophan but need anthranilic acid, whereas wild type 
or reverted mtr mutants can utilize tryptophan. 
The conidia were harvested and treated with the mutagen as usual 
and aliquots of the conidial suspensions were diluted and plated out 
on: (a) minimal medium (to determine the heterokaryotic fraction), 
(b) minimal medium and adenine and tryptophan (to give the heterokaryon 
33. 
plus component II numbers), and (c) minimal medium + arginine + 
pyridoxine + pantothenate + pFPA (to give component I fractions) 
The component II fraction was obtained by subtracting the number of 
colonies on (a) from (b). 
1o6 conidia (both treated and untreated) were added to flasks 
with 250 mis of molten minimal medium supplemented with arginine, 
pyridoxine and pFPA, to screen for mtr mutations. This medium was 
then poured into petri dishes and incubated at 29 °C for 4 days. 
Originally the pFPA concentration was 1-4mg pFPA/lOOml of medium, and 
this was filter' sterilized and added to the medium following autoclaving. 
Arginine and pyridoxine were present to allow any mtr mutations which 
also covered arg and pdx to be recovered. The component I conidia 
were unable to grow on the selective medium since they also had a 
pantothenate requirement. 
Any mtr mutant colonies found on the plates were picked with a 
sterile needle and incubated at 29 °C in small tubes containing 2m1 of 
the screening medium. 	Conidial suspensions of the potential intr 
mutants were then plated out on: (i) minimal medium + pEPA, (ii) minimal 
medium + pyridoxine + arginine + pFPA, (iii) minimal medium + pyridoxine 
+ arginine + anthraniljc acid + adenine. 	The (i) and (ii) plates 
(iii) were incubated at 29 0 C, and the plates at 35 C to permit the cot 
colonies of component II to form. 
If the mtr mutation was a deletion that covered the pdx  
and/or the Irp, loci, then the mutant would not grow on medium (i). 
Furthermore, it may not give any cot colonies when plated on (iii) since 
the deletion may well cover other indispensable genes, rendering it a 
recessive lethal mutant. 	If the mutants grew on (i) and (ii) but 
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failed to give cot colonies with (iii), then it was regarded as a 
recessive lethal mutant. 	If it grew on all three types of medium 
and gave cot colonies on (iii), it was classified as a "point" mutation 
i.e. a mutation lying within the. mtr locus or at least not affecting 
any indispensable genes on either side. 
Thus the mutations were classified as: (a) "point" mutations, 
(b) recessive lethal mutations, or (c) deletion mutations. 
The'ad-3Forwárd'Mutation'System (F.J O de Serres, 1971a) 
This N. crássa heterokaryon system screens for adenine requiring 
auxotrophs affecting the adenine 3A, 3B loci, 	The method also permits 
one to determine whether they are also recessive lethals or not, and 
whether they are deletions which affect the ad-3A ad-3B region and ad- 
jacent markers. 	Furthermore, detailed analysis of the damage within 
the ad-3B region is also possible. 
The heterokaryon is heterozygous at the closely linked loci, 
ad-3A and ad-3B, which control different but sequential steps in purine 
biosynthesis. 	If either, or both, wild type loci are inactivated then 
the heterokaryon becomes adenine requiring, and there is an accompanying 
build up of purple pigment In the vacuoles. 
The genetic markeraforcing the heterokaryon are his-2 (histidine-
requiring), ad-3A, ad-3B, ád-2 (adenine-requiring), nic (niacin-
requiring) ,inos (inositol requiring), 'pan-2 (pantothenate-requiring). 
The morphological marker cot (colonial temperature sensitive) shows re-
stricted growth at the restrictive temperature (32 °C), And the albino 
market al-2, when expressed, has albino mycelia and conidia, 
35. 
-_ 0,1 -0.2 map units 
Heterokaryon 12 	 m. t. 
his-2 ad-3A ad-3B nic-2 + + ad-2 inos 	+ 	A 
-   
+ 	+ 	+ 	+ al-2 cot + 	+ 	pan-2 A 
Linkage group: 	 I 	 I IV III 	V 	VI 
Since ad-2 precedes ad-3 blocks in purine biosynthesis (Bernstein, 
1961) the ad-2 marker is included in component I to prevent this com-
ponent from accumulating pigment. 
Conidia were prepared by placing a few silica gel crystals of a 
stock culture of heterokaryon 12 in 5m1 of sterile water, and pipetting 
0.05m1, 0.2m1, 0.8ml, and the remaining suspension into flasks con-
taining lOOml of molten minimal medium at 45 °C, and these were poured 
into petri dishes,(See Appendix for Media used with de Serres system). 
These plates were incubated at 25 0C f or, two days and then viewed 
under a low power binocular microscope for the presence of small, dif-
fuse colonies. 	These colonies were picked using sterile, plugged- 
pasteur pipettés, and the cored colonies were gently blown into the 
middle of 25ml flasks containing minimal medium. 
These colonies were incubated for 2 days at 35 °C and then at room 
temperature for 5 more days. 	Flasks containing bright orange conidia 
were chosen for the experiment since this selection procedure ensured 
that the heterokaryotic fraction of the conidia was at least 20% 
(Tong-Man Ong , personal communication). 	The conidia were harvested 
and the conidial concentration determined. 
In a preliminary experiment the conidia were treated with various 
concentrations of the mutagen, washed, and plated out on minimal 
medium to obtain survival estimates. 	A treatment giving approximately 
30 - 50% survival was chosen for the forward mutation screen. 
36. 
Experience has shown that less than 10% survival resulted in abnormal 
growth, colony fragmentation and inaccurate survival estimates of the 
colonies in the jugs. 
Once suitable treatment levels were established, a full scale 
forward mutation experiment was carried out with the mutagens. 	Coni- 
dial suspensions (2 x 
10  conidia/ml) were treated with the mutagen, 
washed with potassium phosphate buffer (pH 7.0), and innoculated into 
the 12 litre Florence flasks containing the colloidal medium. Approx-
imately 
10  colonies were required per jug to enable a large number of 
mutants to be collected, so the size of the innoculum depended upon 
the expected survival level. 
The jugs were continuously bubbled with sterile air and incubated 
in a dark room at 30°C for 7 days. The development of the orange 
carotenoid pigment was prevented by keeping the, jugs in the dark, other-
wise the screening of purple-pigmented colonies on a background of 
orange colonies would have been difficult. 
After 7 days the jugs were checked for contamination, and if 
free, were screened for the presence of purple colonies. 	Contamination 
of any of the jugs was indicated by a pH value outside 5.2 - 6.0, 
measured on a pH meter, and by the pale yellow appearance of the con- 
tents of the jug. 	Uncontaminated jugs had white colonies. 
Before screening, large photographic trays were washed and rinsed 
with distilled water and then 95% alcohol, and air dried. 	The con- 
tents of each jug were measured out in 2000m1 aliquots in a large 
measuring cylinder (alcohol-sterilized and air-dried), and poured 
into the photographic trays. - A lOml aliquot of each 2000m1 sample 
was withdrawn and washed into a labelled test tube (150mm x 20mm) with 
95% alcohol. 
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The sample in the tray was screened for purple colonies 
among the white background colonies (average colony size 1 - 2mm). 
Tweezers (flamed in alcohol) were used to remove the purple colonies 
into a labelled petri dish containing sterile water. 	The volume of 
the last aliquot of each jug was recorded, along with the number of 
purple colonies picked. 
Survival levels were determined from the number of colonies 
counted in the labelled tubes and the total volume of each jug. 
Colonies per jug = Total Vol. jug x No. colonies in 50ml 
50 
The survival was determined from the number of background colonies 
in treatment jugs divided by the numbers in control jugs expressed as 
a percentage. The forward mutation frequency was derived from the 
number of purple colonies divided by the total number of surviving 
colonies. 	If the survival levels and mutation frequencies were suit- 
able, i.e. 30 - 40% survival and 40 - 60 mutant/10 6 surviving colonies, 
then the mutants were subjected to four stages of analysis: 
Whether'the mutant is homokaryotic forcomponent II. 
Whether the mutant is associated with recessive lethality. 
Where the recessive lethality is located in the genome. 
What the genotype of the mutant is. 
1. 	HOmokaryoticforCornponent II. 
One first had to ensure that the induced-adenine mutant was homo- 
karyotic for component II before any genetic analysis could be carried 
out. (See Appendix for recipes of media used here). 
Conidia from the sub-cultures of the mutants grown up on the Fries 
isolation and sub-culture medium (MSN No. 23) were plated out on two 
types of Westergaard's media (MSN No. 21A and 218). 	Media 21A and 218 
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were identical apart from the subnormal amount of adenine (2mg/litre) 
in B. 200 conidia were plated out on each medium and incubated at 
29°C for two days. Diffuse colonial growth on 218 and no growth on 
21A indicated that the. mutant was homokaryotic for component II. The 
mutant was classified as a non-leaky adenine homokaryon if the two 
colonies picked from 2113 and innoculated onto isolation medium (MSN No, 
23) went purple, 	If the cultures went orange, i.e. wild-type growth, 
the original procedure plating on 21A and 21B was repeated until the 
isolates did go purple. 
If dense wild-type colonies were found on both plates (21A and 
21B)along with diffuse growth on 21B, then diffuse colonies were picked 
and incubated on isolation medium. Conidia were plated out on 21A and 
2113 medium again and the procedure repeated until the non-leaky adenine homo 
karyon was extracted from the non-leaky heterokaryon. 
If the mutant isolate showed diffuse growth on both types of 
plate, with slightly larger growth on the 21B plates, then this indi-
cated that the mutant was a leaky adenine homokaryon. This was con-
firmed if colonies from both plates turned the isolation medium purple. 
If a leaky adenine mutant was contaminated with an unmutated 
component II nucleus, i.e. a leaky heterokaryon, then wild-type and 
diffuse colonies grew on both plates. 	Diffuse colonies were picked and 
replated on 21A and 2113 medium until only the diffuse colonies were 
present. 
If only wild type growth occurred on both plates then the isolate 
.was either too leaky., or was a wild, type contaminant. 	Five colonies-  
were picked up on isolation medium and incubated to see if they went 
purple. 	If all the cultures went orange the isolate was classified 
as a wild type contaminant, and if it went purple, as a leaky adenine 
homokaryon. 
All leaky and non-leaky adenine homokaryons were put in stock 
on silica gel for later analysis. 
2. Whether the Mutant is AssOciated with Recessive Lethality. 
All the mutants that were homokaryotic for adenine were tested 
in the Dikaryon test to determine whether they were associated with 
recessive lethality. 
A conidial suspension of the mutant was innoculated into a 
flask containing 25ml of molten minimal medium supplemented with 
adenine and pantothenate (MSN No, 22). The contents were poured into 
petri dishes and incubated at 35 0C for 2 days. 
The plates were screened for the presence or absence of cot 
colonies (component II colonies), 	Absence of cot colonies indicated 
that the component IT nucleus contained a recessive lethal mutation. 
If cot colonies were present, two were picked and incubated on 
isolation medium (MSN No. 23) at 35 °C for 1 day. 	They were then in- 
cubated at 25 °C for six days to ensure that they all reverted back to 
normal wild type growth and were cot colonies, and were albino. At 
least 200 colonies were required on the original plates to exclude 
the possibility of absence of cot colonies due to nuclear imbalance 
(T.M, Ong - personal communication). 
If cot colonies were present, then the mutant was not associated 
with recessive lethality. 	If no cot colonies were obtained then the 
mutant was subjected to the Trikaryon test to determine which. part 
of the genome was associated with recessive lethality, 
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3. Where the Recessive Lethality is in the GenOme. 
The Trikaryon test involved combining all the adenine homokaryons, 
that failed to produce cot colonies in the Dikaryon test, with three 
tester strains, and the resulting trikaryons were plated out and in- 
0 cubated at 35 C to determine whether any cot colonies were formed. 
The three trikaryon testers had the following genotypes: 
Linkage grOup I 
his-2 lys-4 his-3 ad-3A ad-3B nic-2 
Iv,1 
(The bars indicate irreparable recessive lethal mutation of unknown limit). 
The trikaryon tester strain 12-1-18 carries a deletion covering lys-4,hi 
av4 the ad-3A, ad-3B and nlc-2 loci, whereas testers 12-7-215 and 12-5-182 
have deletions covering the .ad-3A and ad-3B loci respectively. 	Thus it 
is possible to determine whether the recessive lethals are inultilocus 
deletions, or ad-3 point mutations (intragenic alterations) with a 
separate site of recessive lethal damage elsewhere in the genome. 
If the mutant isolate .forms cot colonies with tester 12-1-18 then 
the mutant has a recessive lethal mutation outside the region covered 
by the 12-1-18 deletion, apart from the adenine reparable mutation 
(presumed point mutation). 	If cot colonies are not formed with 
12-1-18, then the recessive lethal is inside the region covered by the 
12-1-18 deletion, 	However, this is not necessarily a inultilocus 






and 12-5-182, but not 12-1-18, then the mutant is an adenine reparable 
mutation with the recessive lethal inside the region of the 12-1-18 
deletion, 	If the mutant forms cot colonies only with 12-5-182 then 
the recessive lethal is associated with the adénine-3A mutation, i.e. 
ad-3A irreparable, and similarly, if the mutant for cot - colonies only with 
12-1-215, then the mutant is ad-3B irreparable (the recessive lethal 
is associated with the adenine 3B mutation) and both irreparable 
mutations are presumed to be deletions extending outside the ad-3A 
and ad-3B regions respectively, 
4. What the genotype of the mutant is. 
A detailed analysis of the adenine-3 mutants is possible using 9 
complementation testers. 	The adenine mutants were added in all pos- 
sible pairwise coinbinations.with.the.tester to see if they would com-
plement. Three of the testers determined whether the mutant was 
ad-3A or ad-3B, and what the rest of the genotype was. 	Five tester 
strains characterized the allelic complementation among ad-3B mutants, 
and the ninth tester strain was included to give a positive control 
for heterokaryon formation(See Fig. 17 in Appendix for genotype of testers). 
The complementation tests were performed by adding the conidia 
of a mutant to all the tester conidia and checking for growth in the 
various combinations to determine the complementation pattern. The 
conidia were prepared as per usual and innoculated into liquid comple-
mentation medium containing a trace amount of adenine to permit a 
limited amount of growth for heterokaryon formation. 
Aliquots (O.lml) of the tester conidial suspensions (1 x 1O5 
conidia/ml) were injected into sealed wells of Falcon micro titre 
plates with disposable syringes and needles. O.lml aliquots of the 
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mutant were then added to each tester and the wells re-sealed with 
selotape. 
The 5 tester strains covering the ad-3B locus took longer to grow 
up and these were prone to cross contamination between the wells. 
Therefore the complementation test for these tester strains was carried 
out in small test tubes inoculated with O.5ml aliquots of the conidial 
suspensions. The plates and tubes were incubated at 29 °C and scored 
each day for the presence of growth. 	Replicas of each combination were 
carried out. 
The genotype of each mutant was determined from the complementation 
pattern with the nine testers. 
Heterokaryon Synthesis 
1. Crossing Procedure - N. crassa.. 	 -. 
Concentrated conidial suspensions (2 x 106 conidia/mi) were inocu-
lated into test tubes containing perforated filter papers and sterilized 
Westergaard crossing medium appropriately supplemented. The tubes were 
incubated at room temperature for 7 days, and the second parental sus- 
pension was added when the protoperithecia had formed, 
Ripe ascfl spores were ejected from the perithecia and retrieved 
from the sides of the tubes with sterile filter papers. 	The ascus spores 
were heat shocked at 60 0  C + - 20C, for 35 - 40 minutes before plating them 
out on Fries (glucose) minimal plates containing the required supplements 
and selective agents, eg, pFPA. 
After 8 hours incubation at 25 0C, the germinated ascus spores were 
individually inoculated, (using a sterile needle) into tubes containing 
Fries minimal medium and supplements, and once they had conidiated they 
were tested for their auxotrophic requirements, resistance markers and 
mating type, 
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Mating type was determined by dropping conidial suspensions from 
each of the isolates onto plates containing Westergaards crossing 
medium that had been inoculated with a temperature-sensitive aconidiating 
N. crassa strain. 	This strain (F.G,S,C, Stock No, 3262/3263 - obtained 
from J.K. Kinsey) only conidlates at temperatures above 30 °C, 	At 
0  
temperatures below 30 C the strain develops mycelia and protoperith'ecia, 
and the latter can develop into distinct black perithecia overnight if 
a suitable parent is added. This makes it very' useful as a mating type 
tester strain. 
2. ' Heterokaryon'Formation, 
When the two heterokaryon components (CI and CII) had been synthe-
sized they were forced together to form the heterokaryon. Balanced 
heterokaryons were formed by placing a few conidia of '' homoliaryotic 
component onto the same spot on solid medium allowing only the 1 hetero-
karyon to grow. Heterokaryon-compatible components only can produce 
a heterokaryon. 
Heterokaryotic colonies were transferred onto fresh forcing 
medium and allowed to conidiate. Only when both homokaryons and the 
heterokaryon could be recovered from a single colony incubated on the 
forcing medium, was it concluded that the heterokaryon had been formed. 
Nuclear ratios of component I: component II nuclei in the hetero-
karyon were estimated by plating conidia from a single colony isolate 
of the heterokaryon onto: (a) medium allowing only the heterokaryon 
to grow; (b) medium permitting growth of both the heterokaryon and 
component I; (C) medium permitting growth of the heterokary'on and 
component II. The number of component I and II colonies was deter-
mined by subtracting the numbers of colonies on (a) from (b), and (a) 
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from (c), respectively. These are roughly related to the frequency 
of the two nuclear types in the heterokaryon. 
Staining of 'Neurospora crass a nuclei. 
The nuclear number of the conidia in the various strains of N. 
crassa heterokaryons was determined using two methods: 
'Huebschman's 'Azure 'A'technique, with niOdificatiOns(Royes, 1962)0 
A filtered conidial suspension was dropped onto a microscope 
slide smeared with glycerin albumen and air dried. The slide was 
then placed in Carnoy's fixative (3 parts absolute alcohol : 1 part 
glacial acetic acid) for 25 minutes. 	The excess fixative was then 
drained off and the conidia were hydrolyzed in IN HC1' for 10 minutes, 
at 60°C. The nuclei of the conidia were stained in a mixture of 
0.25% Azure A plus 2 drops of thionyl chloride per 15mi, The conidial 
cytoplasm was then lightly stained with eosin for approximately 5 
seconds, 
The slides were then air-dried, mounted with coverslips using 
Canada balsam and xylene, and viewed under oil emersion and counts 
of nuclei per conidium were taken, 
 
Nuclei from'N, 'craàsa heterokaryons were stained by a modific-
ation of Loo's giemsa technique (Serna and Stadler, 1978), 	A 
filtered conidial suspension was fixed in 3.1% formaldehyde in NaCl 
(0,9%) for a minimum of thirty minutes, centrifuged at 2000rpm for 
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five minutes, and resuspended and rinsed with water. 	The pellet 
of conidia was hydrolyzed by resuspending it in 1M HC1 at 60 °C for 
15 minutes. The suspension was then cooled in ice and spread on 
microscope slides and air-dried. 	These slides were rinsed in 
buffer (Potassium phosphate, pH 6,9), and stained with giemsa (1 
part stain to 20 parts buffer) for 25 to 30 minutes. The slides 
were gently rinsed with water, air-dried, and viewed under 100 x 
objective using oil emersion. Nuclear counts per conidium were 
taken, 
Chromosome aberrations, 
In this system human peripheral lymphocytes were screened for 
the presence of chromosome aberrations after treatment with the 
- 	 mutagen in vitro (Buckton and Evans, 1973). 
lOml of blood was taken from adults by venipuncture and placed 
in heparinized bottles (10 to 100 ITJ of heparin per ml of blood). 
The sample was then gently shaken to prevent clotting and the lympho-
cytes were then cultured not later than 24 hours after withdrawal. 
The culture process consisted of adding 0,4ml of whole blood 
to a McCartney bottle containing the Hams tissue culture medium 
(7m].), heparin to prevent clotting (0,lml), foetal calf serum (2.2m1), 
60 
the mitotic stimulant PHA, (Olmi), sinceAthe leukocytes do not divide 
and the. antibiotics penicillin and streptomycin (0.1ml of 
100 lU/mi). 
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The blood cultures were grown up for 48 hours at 37 °C, with 
gentle swirling every 12 hours to oxygenate all the lymphocytes, 
releasing air to prevent CO  build-up. 	At 48 hours the mutagen was 
added to the cultures and treatment lasted for the next 24 hours. 
li hours before the cells were harvested the spindle inhibitor col-
chimid was added (5ig/lOml of blood). 
After 72 hours culturing the cells were harvested. 	The cells 
are more numerous at 48 hours than 24, and were therefore treated 
then, since more cells were available for treatment and scoring, 
even allowing for high toxicity. 
The cultures were harvested by pouring them into sterilized, 
siliconized centrifuge tubes and then spun down (60g) for 5 minutes. 
The supernatant was carefully decanted with a pasteur pipette and a 
hypotonic solution of KC1 ( M; 5m1) was added to thewhite and red 
blood cells, causing the cells to swell. 
After leaving for 6 - 8 minutes at room temperature, the cells 
were spun down as before and the supernatant decanted with pasteur 
pipettes. 	The cells in the remaining fluid were resuspended and 
then 5m1 of fixative was slowly
, 
 added, constantly shaking the 
tube to prevent precipitation. 	The cells were then spun down and 
resuspended in fixative three times. 	The cells were exposed to the 
fixative for 12 hours. 
Slides were prepared by suspending cells in sufficient fixative 
to give a milky suspension and dropping them onto a microscope slide, 
that had been alcohol-washed and air-dried. Spreading of the cells 
was best achieved if the cells were dropped from 50cm above the slide, 
with a humidity of about 45-65%. 
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'The slides were dried in a hot plate at 50 °C and then stained 
with giemsa (lml stain to 50in]. buffer) for 13 - 15 minutes, 
The slides were viewed to check on the uptake of stain and put 
back in giemsa for another 5 minutes if understained. 	The slides 
were then dried and mounted in DPX with acetone. 
The slides were coded for scoring for the presence of chromosome 
aberrations in full metaphase cells. 
Harlequin Staining - Sister Chromatid Exchange 
This technique enabled a determination to be made of how many 
divisions the human leukocytes had gone through in the presence of 
5-bromodeoxyuridine (Budr) plus the various mutagen and ancillary 
treatments. Budr can replace thymidine in the DNA and pair with 
adenine. 	The dye Hoechst 33258normally fluoresces intenselywhen 
bound to poly(dA-dT) but when bound to poly(dA-Budr), this fluorescence 
is quenched. 	Following two rounds of replication in the presence of 
Budr and staining with Hoechst 33258, unifilarly substituted 
chromatids fluoresce more brightly than bifilarly substituted sister 
chromatids. 
The blood cultures were set up as for the chromosome aberrations 
study, but 0.06ml of 5-Budr was also added at the start of the 
cultures. 	The cultures were wrapped in foil, since Budr is light- 
sensitive, and incubated for 72 hours. 
After 23 hours aliquots of the mutagens and chemicals were added. 
The tubes were shaken every 12 hours and excess CO  released. 
After 704 hours the colcimid was added, and at 72 hours the 
cells were harvested and fixed in the same manner as the chromosome 
aberrations. 	The slides were aged for 3 days (minimum) in fixative 
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and then stained. The slides were placed on a hot plate (50°C) and 
covered with Hoechst 33258 (0.51ig/ml) for 15 minutes, with simultaneous 
exposure to UV (A 364nm) from a lamp 10cm away. The slides were then 
rinsed in deionized water, allowed to dry and then stained with 
giexns.a (4%), made up at pH 6 • 8, for approximately 2 - 4 minutes. 	The 
slides were viewed during the staining process to prevent over-
staining. This dye fixes the Hoescht stain permanently. 
The slides were rinsed in deionized water, air-dried thoroughly 
(2 - 3 hours), rinsed in xylene, and mounted with DPX. 
The slides were then scored to see which division the metaphase 
cells were in, with about 1000 metaphases being scored per series. 
First division metaphase chromatids take up the Budr 
unifilarly,. and the chromatids appear dark. 	Chromatids in the 
second metaphase appear differentially stained due to one 	 V 
chromatid being bifilarly substituted with Budr and the other only 
unifilarly. With a third division metaphase, any exchange having 
occurred in the second division would not have the reciprocal exchange 
in the third, i.e. non-sister chromatid exchange. 	Also three of the 
chromatids in the third division metaphase would be light. 
Thus all three types of metaphases can be determined. 
Drosophila sex-linked recessive lethal system. 
The sex-linked recessive lethal mutations induced in the mutagen-
treated males were scored by the Muller-5 method (see Figure 1). V 
Treated Or-E males were mass-mated to Muller-5 females in the ratio 
of two females per male. 
Modifications to this method will be discussed as appropriate in 
the Results Section. 
(a. 







FIG-1. The Muller-5 sex-linked recessive lethal 	test - 
(a. Treated wild-type males (round. red eyes)are crossed with Basc 
homozygous 	females (narrow ,orange eyes). The Basc X-chromosome ha' s 
whiteapricot (eye is light orange ) and Bar (narrow eye in 	homozygous 
and kidney shaped in hetCrzyg3us state) 	markers. 
(b). All female progeny Basc he&czygous and carrying one 
treated paternal 	X- chromosome. 1 female crossed to 2 homozgous 
Basc 	males per vial. 
(c) Progeny screened 	for presence of 	wild-type 	males (i) 
If. none 	present • and at least - B mutant -eyed male s(ii)pre sent in 




In the first experiments to test the universality of its effects 
on mutagenesis, NaP was used after mutagen treatment of zAtwood's 
heterokaryon. Post-treatment minimises the possibility of an inter-
action between the chemical mutagen and NaF before the former reacts 
with the DNA. 	It also avoids the possibility that NaP given before 
the mutagen might alter the uptake of the mutagen by the cell. 
When filter sterilized NaF (5mM) was added to the isolation medium, 
it had a slight toxic effect on the cells, reducing the survival to 
approximately 957o compared with the control series. 	It was not muta- 
genic itself. 	The first mutagen used was DES (1,2,3,4,-diepoxybutane), 
a potent mutagen capable of inducing both point mutations and deletions 
(de Serres etal.,, 1971), and a known clastogen (Swietlinska, 1971), 
Suspensions of conidia were treated with DES (0.1M) at 25 0C for 
up to - 40 minutes. 	These treatments gave high frequencies of recessive 
lethal mutations and facilitated the detection of any antimutagenic 
effect of NaP. 	This was important since at low doses the frequencies 
of DEB-induced recessive lethals had been found to be unaffected by 
NaP in the plating medium (Olzsweska et al.,, 1977). 	Approximately 
360 heterokaryotic isolates were picked per series, both with and 
without NaP post-treatment, and scored for the presence of recessive 
lethals. 	A small percentage of the isolates were generally lost 
accidentally. 	The isolates were all coded before scoring to avoid 
any bias. 
In experiments (1) and (2) (Table 1), post-treatment with NaP 
produced a significant reduction in the frequency of DEB-induced recessive 
lethals, although there was very little difference in the percentage 
TABLE 1 
Atwood System 






















Control - 232 100,0 314 1 0.32 
NaF 229 98.7 307 0 0.00 




178 7,7 311 6 1,9 ) 
2 Control - 556 100,0 242 0 0,00 
it NaF 
544(4) 
97.8 236 0 000 
40' DEB 
- 
129 2,3 207 25 12,0 ) 
) 	7.65* 
NaP 106 '1.9 230 11 4,78 ) 
* Significant at the 5% level 
DEB - 0.1M 
NaF - 5mM in Plating Medium. 
-4  
(a) Survival levels determined from plating either 10 or 10 
-3
dilutions of 
original conidial suspension on minimal plate. 
(b) Statistical difference of RL frequency with and without NaP post-
treatment determined using (2x2) x2 , for 1 degree of freedom. 	This 
test was used for all calculations to determine the statistical signi-
ficance of the fluoride effect. 
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survival with and without NaP treatment. 	This and the application 
of fluoride as a post-treatment suggests that the effects are not 
taking place at the level of the mutagen-DNA interaction, but at some 
later stage in mutagenesis, eg, fixation or- expression. 
These results agreed with the previous findings of Olzsweskaetal. 
(1977, and unpublished) which showed that doses of DEB, giving <4% 
recessive lethals in the Atwood system, gave no NaP-sensitive letbals, 
whereas higher doses of the mutagen could induce as many as 12% re-
cessive lethals, of which half could be NaP-sensitive (see Fig. 2) 
DEB induced reversion frequencies in KØlmarck's diauxotrophic 
N. crassa strain were completely unaffected by the presence of NaP in 
the plating medium (see Fig, 3). NaF had no significant effect upon 
the frequency of nitrous acid-induced recessive lethals (see Table 2), 
The frequencies of recessive lethals obtained - with nitrous acid (NA) 
were low however and it is possible that a reduction with NaF occurred 
but was too difficult to observe, or that, as with DEB, no reduction 
in the frequency of recessive lethals occurred at these low frequencies. 
If higher frequencies of NA-induced recessive lethals could have been 
induced, i.e. >4%, then NaP may have had a significant effect. 
Taken at face value these findings are consistent, however with 
the supposition that NaP in the plating medium eliminates recessive 
lethals which are derived from chromosome breakage. Differences which 
may be anticipated in the kinetics of induction of point mutations and , 
deletions could account for the importance of mutagen dose on the 
fluoride effect. 	Vogel and Leigh (1975) found that higher doses of 
mutagen are required to induce chromosomal damage as opposed to 
Reversions are probably not deletions, and NA-induced 
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TABLE 2 
Atwood Test 
The effect of NaP on Nitrous Acid (NA)-induced recessive lethals,, 
Treatment : HNO2 - 0,03M (NA) 	
(Olzsweska, unpublished). 



















x2 1 d.f. 
5% sig. 
1 Control. - 204 100.0 348 0 0.00 
if NaF 183 89.71 334 1 0.30 
NA 10' - 172 8.43 386 6 1.55 0.276 
it NaF 144 7.10 321 4 1.25 Not sig. 
(-4) 2 Control - 547 100.0 339 1 0.29 
NaP 509 	. 93.05 317 . 	0 0.00 
NA 20' - 366 6,69. 373 19 5,09 0,80 
NaP 248 4.53 373 14 375 Not sig. 
(a) Survival levels determined by plating either 10 -3  or 10
-4 
 dilutions of 
original suspension on minimal medium, 
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(1965) found that 84% of the NA-induced ad-3 mutants were base pair 
substitutions, and only about 6% of the remaining 16% of the mutants 
may be due to intralocus deletions. 	Finally, reconstruction experi- 
ments showed that once the NaF-sensitive lethals had been expressed 
and isolated in the absence of NaF, they were all insensitive to any 
later exposure to NsF (Olzsweska, unpublished). 
• Storage 
In an attempt to determine when NsF exerted its effects on the 
frequency of NaF-sensitive recessive lethals the time of addition of 
NaF was delayed. 	If NaF was added to the mutagenized cells after 
they had passed through the NaF-sensitive state, then there should be 
no NaP effect, i.e. no reduction in recessive lethal frequency. 	DEB- 
mutagenized conidia were - washed and stored in water at 25 0C (with 
constant shaking) for up. to six hours, 	The conidia were - then-plated 
out on the isolation medium, either with or without NsF (5mM). 
A reduction in mutation frequency occurred following storage of 
the conidia in water for two or more hours in experiments 1, 4 and 5 
(see Table 3). 	There was also a decrease in mutation frequency in 
experiment 2, following both storage and NsF post-treatments, but the 
difference in mutation frequency was not statistically significant at 
the 5% level, The results in experiments 3 were surprising since 
neither type of post-treatment significantly decreased the mutational 
yield, though storage did reduce mutation frequency slightly. 	In all 
experiments, however, there was a tendency for storage to decrease 
the mutational yield, and there was never an increase in frequency of 
recessive lethals. Where it occurred, the reduction in frequency of 
recessive lethals following storage was of the same order, as that 





The effect of NaF and storage on DES-induced recessive lethals. 
Treatments: DEB - 0.1M 
NaF - 5mM (in plating medium). 
Storage - Hours in water at 25°C. 
cpt Treat- Storage Surviving % Colonies Recessive % 
2 	(b ,Ld.f. 
ment (hrs Het. Col- Survival Screened Lethals RL 5%sig. 
Post- onies 
Treatment) (a) 
1. Control - 	- 352 -4 100.0 304 0 0.00 
NaF 	- 317 -4 90.1 299 1 0.33 
DEB-401  - 	- 212 -3 6.0 277 39 14.08 (c 
it NaF 	- 202 -3 5.7 300 25 8.33 4 • 3* 
-. 	2. 229 -3 6.5 275 20 7.27 6.2* 
NaF 	2 229 -3 6.5 248 19 7.66 4.:9* 
2. Control - 	- 362 -4 100.0 234 0 0.00 
NaF 	- 357 -4 98.61 233 0 0.00 
DEB-40 - 	- 291 -3 8.0 287 18 6.27 
NaF 	- 259 -3 7.1 299 11 3.67 2.1 
" - 	2 274 -3 7.6 317 15 4.73 0.7 
NaF 	2 272 -3 7.5 307 16 5.21 2.1 
3. Control - 	- 307 -4 100.0 227 0 0.00 
Naf 	- 276 -4 89.9 231 0 0.00 
DEB-40' - 	- 162 -3 5.3 283 25 8.83 
ft NaF 	- 166 -3 5.4 267 22 8.59 <1.0 
It - 	2 164 -3 5.3 232 18 6.74 <1.0 
it NaF 	2 151 -3 4.9 232 17 7,33 <1.0 
Table 3 (continued) 
,4. Control 	- - 62 -4 .10000 216 0 o;oo: 
40"DEB 	- 198 -4 29,9 265 14 5.28 
- 	2 117 -4 17.6 313 4 1,28 4.6* 
U 	 - 4 173 -4 26.1 287 4 1.39 6.5* 
- 	6 241 -4 36.4 338 7 2.07 4,5* 
5. Control 	- 	- 630 -4 100.0 226 1 0,44 
NaF 	- 560 -4 88.9 219 2 0.91 
DEB 40 9 	- - 112 -3 1.8 246 25 10.16 
it 	 NaF 	- 93 -3 1.5 258 12 4.65 5.6* 
- 3 95 -3 1.5 236 15 6.35 2.3 
NaF 	3 91 -3 1.4 266 13 4.88 7,5* 
 Survivals determined by plating out 10 	or dilutions of 
origina1:conidia1 suspension on minima]. medium. 
 All x2 values estimated by comparing frequency of recessive lethals 
from mutagen treatment with and without post-treatment. 
(C) * - statistically significant. 
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and NaP were combined as joint post-treatments. 	This suggests that 
the two post-treatments may eliminate the same group of mutants, but 
it is not possible to decide whether the same mechanism is involved. 
The timing of the NaP sensitive state could not, of course, be deter-
mined due to the effect of storage on EL frequency, 
Certain conclusions can be drawn from these results: 
NaY produces an antimutagenic effect with DES-induced recessive 
lethals in Atwood's System. 
The effect is dose related, i.e, the antimutagenic effect in-
creases with increasing dose of DEB. 	Occasional results (see 
expt. 3, Table 3) are at variance with this and although un-
likely, they may represent trivial methodological errors, e.g. 
failure to add NaP to the isolation plates, 
DES-induced reversions appear to be very insensitive to the 
action of NaP regardless of mutagenic dose. 
NA-induced recessive lethals were only slightly affected by 
the action of NaF. However the induced-recessive lethal 
frequency was very low - perhaps too low for a reduction to 
occur or be noticed. The effect was greater at higher doses 
of NA even though it failed to reach statistically significant 
levels. 
During the storage of mutagen treated conidia in water the 
mutation frequency declines. The fraction of mutants suscept-
ible to NaP appear to be lost preferentially, i.e. the fraction 
lost during storage is also sensitive to NaP post-treatments. 
However, it is also possible that the storage-sensitive mutants 
are unrelated to the NaP-sensitive ones. 	Indeed, it is not 
53 
known if NaF and storage are affecting only a particular 
class of recessive lethal mutants, or whether all classes 
of recessive lethal mutants are sensitive to both types of 
post-treatments. 	To settle this point, methods are 
needed which allow deletions to be scored independently of 
point mutations. 
Mutagens with Different Levels of Clastogenic Ability 
One way to enlarge the data Is to test other mutagens In Atwood's 
system - especially those known to break chromosomes to differing ex-
tents, and to compare the magnitude of the NaP antimutagenic effect with 
the clastogenic ability of the chemical. 
The ideal chemical mutagens would have been: 
(a) a clastogen incapable of producing gene mutations, (b) a mutagen 
also capable of breaking chromosomès,. .e 0 g.DEB, (c) • a potent mutagen 
incapable of breaking chromosomes. 
Unfortunately, there is no chemical agent known that would fit 
4(a) 
these requirements, 	Carofur and Mitomycin C were used as the powerful 
clastogens (Vigetal 0 , 1977; Vig, 1977), and DEN (diethylnitrosamine) 
and A-137 (2 -ethyleneiznino-5,6,7,8-tetrahydronaphthoquinone) were 
chosen as the mutagens with weak or zero clastogenic activity. 	DEN 
has not produced chromosome aberrations in Drosophila, although it is 
very efficient in inducing recessive lethals (Sobels, 1976). 	Further- 
more, 99% of the adenine-3 mutations in N crassa induced by activated 
DEN were point mutations (Malling and de Serres, 1972). 	A-137 has 
so far failed to break chromosomes in Drosophila (Vogel, 1973). PDT 
(1-phenyl-3,3,-dimethyltriazene) was chosen as a weak clastogen with 
moderate mutagenic activity (Vogel, 1973). 
Nitrous acid had already been used as a "point" mutagen, but the 
yield of lethals was small. What was required was a potent "point" 
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mutagen capable of inducing a high yield of recessive lethals. 
The mutagens were first tested in KØlmarck's strain (K3/17) of 
N 0 crassa to determine their ability to induce reversions in this 
strain and to measure their range of toxicity. These data served as 
a guide for the more laborious Atwood system. 
DEN is activated in the presence of a liver microsomal prepar-
ation (the "S9" mix) obtained from rats induced with phenolbarbitol 0 
It produced a low frequency of adenine and inositol revertants (<5 x 
- 10 6  ), even when high doses were administered producing approximately 
10% survival levels. 	As a positive control the S9 mix and DEN were 
tested for mutagenic activity in Ames Salmonella typhimurium histidine 
reversion system (Ames et al., 1972). 	A positive result was ob- 
tained, indicating that the mutagenic metabolite was being produced - 
by the S9 mix. The failure of this mutagenic metabolite to indiice 
a high frequency of mutations in the N. crassa systems may reflect 
its inability to enter the conidia. 
A-137 and PDT had been used by Vogel (1973) and were tested 
in KØlmarck's strain, along with carofur. Only A-137 gave a high 
yield of reverse mutations (>20 x 106). The lack of mutagenic 
potency of carofur does not eliminate the possibility that it is a 
clastogen, and it may be a useful mutagen to test with NaF in Atwood's 
system. A-137 produced a higher yield of reverse mutations than DEN 
so it was used in Atwood's system with NaP. PDT was not used, since 
it was such a weak mutagen even when there was high toxicity (<20% 
survival level). 
Mitomycin C (MC), another potent clastogen, was tested both in 
KØlmarck's and Atwood's systems, but repeated tests with high doses 
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of MC (500ig/ml) failed to produce any mutations or give significant 
levels of toxicity. MC might have been expected to be highly toxic 
due to its ability to cross-link strands of DNA (Vig, 1977), and it is 
assumed that its failure to act may again have been due to a perme-
ability barrier. 
Recessive lethals induced in the Atwood heterokaryon by A-137 
were unaffected by NaF post-treatment (see Table 4), 	Carofur-induced 
recessive lethal mutations did show a reduction in frequency when post-
treated with NaF. The reduction was similar in magnitude to the re-
duction found with DEB-induced mutations, although the recessive lethal 
frequency was not as high, and the reduction in mutation frequency was 
not statistically significant. 	If higher levels of recessive ].ethalä 
could have been induced by carofur this trend might have been converted 
into a significant decrease.,. The results give weak support to the 
proposal that Na.F eliminates recessive lethals resulting from 
chemically-induced chromosome breakage, and suggest that the extent of 
the antimutagenic activity of NaP is related to the clastogenic potency 
of the mutagen. However the number of mutagens used in the system 
with NaP has so far been small, and the frequency of induced mutations 
has often been disappointingly low. 
2, Stadler's Recessive Lethal Screening System 





Component II rg 	cr 	+ 
	 + 	ad-2 	+ 
Stadler's recessive lethal system was used to eliminate the 
possibility that the antimutagenic effect of NaP was in some way 
Table 4 
Atwood Recessive Lethal System 
The effect of NaF on the Recessive Lethal frequence induced by mu.tagens of 
different levels of clastogenic activity. 
Mutagens: A-137, DDT, Carofur, DEB 
Posttreatment: NaF (5mM) 
Dcpt. Treatment Post- Surviving % Het. Recessive % 3l.d.f. 
Treat- Het. Lethals RL 5% 
ment Colonies Survival Colonies (RL) 
) Screened 
1. Control - 809 	(-4) 100.0 343 0 0.00 
A-137,60' - 510 	(-4) 63.0 318 5 1.57 
(5 pg/mi) 
carofur602 - 649 	(-4) 80.2 316 10 3.16 
CL5Opg/ml) 
DEB 30q - 480 	(-3) 5.9 206 17 8.25 
(0.1M) 
DDT 15' - 115 	(-4) 76.0 325 5 1.54 
O.mg/rnl) S 
304 0 0.00 2. Control - 959 	(-4) 100.0 
ti NaF 913 	(-4) 95.2 313 1 0.32 











11 3.51 )signf. 
3. Control 0 0.00 
it NaF 79 	(-4) 94 - - - 
A137,45' - 135 	(-3) 16 321 23 7.17 Not signf 
(20pg/ml) NaF 131 	(-3) 15 304 21 6.91 
;Carofur65' - 73 	(-3) 8 304 7 2.30 
~<2,0Not 
 signf 
(lSOpg/m].) NaP 67 	(-3) 8 293 3 1.02 
4. Control - 982 	(-4) 100 340 0 0.00 
NaF 948 	(-4) 96 293 0 0.00 
A137,65' - 36 	(-4) 37 324 17 5.24 
Not signf 
(20pg/m],) NaF 26 	(-4) 26 290 15 5 017 
Carofur50' - 292 	(-4) 29.7 306 13 4.25 Not signi 
(lSOpg/ml) NaF 279 	(-4) 28.4 161 3 1.86 
J<2.0 
   -4 -- ,-3 _
(a) SurvIval plated out at  either LU  01 ±0 	Ui. uigi.u± 
suspension. 
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peculiar to Atwood's system. 	In addition DEO (1,2,7,8-diepoxyOçtane) 
was used instead of DEB because it has been shown to induce a high 
frequency of deletions (42%) in de Serres'ad-3 system (Ong and de 
Serres, 1975). 
DEO-treated conidia were plated out on the master plates both 
with and without NaF (5mM), 	Replica plating enables the heterokaryon 
colonies to be easily screened for recessive lethals. 	The colonies 
on the master plates both with and without NaP, were replica plated 
onto the selective plates containing pFPA and lysine supplements, and 
scored for recessive lethals in component I. Only component I colonies 
are able to grow on this selective medium. 	Absence of growth indicates 
a recessive lethal event in component I. 
A reduction of 50% or more in DEO-induced recessive lethal fre-
quéncy was obtained following NaP. post-treatment, especially at high 
doses of mutagen. 	These reductions were statistically significant 
and are in line with expectations based on the known action of DEO and 
the proposed action of NaF. 	Furthermore, the reductions in recessive 
lethal frequency are similar to those obtained with NaF in the Atwood 
system using DEB as the mutagen, and reduce the likelihood that the 
effect of fluoride is limited to Atwood's system. 
This type of genetic system gives no information concerning the 
type of mutant being eliminated because it fails to discriminate point 
mutations from chromosomal damage. The best evidence for or against 
the action of NaP in eliminating chromosome breaks would be obtained 
from a system in which point mutations and chromosomal damage could 
each be scored directly. 	Stadler's mtr forward mutation screening 
system represents a step towards this, since mtr forward mutations 
Table 5 
Stadler's Recessive Lethal System 
The effect of NaF on DEO-induced RL's 
Mutagen DEO 0.1M 


















1. 	Control - 105 100.0 84 0 	1 0.00 
NaF 85 81.0 1 	103 0 0.00 
DE030' - 71 67.6 356 6 1.69)7.9 
it 
'.higt 
NaF 68 64.8 324 1 O.3lJsignt 
DE045' - 44 41.9 333 7 2 . 10 	3.92  
NaF 42 40.0 183 0 0. 00 	siflf 
DEO6O' - 39 37.1 102 1 0.98<O.5 
NaF 42 40.0 258 1 
not 
signi 
2. 	Control - 75 100.0 75 0 0.00 
NaF 60 80.0 60 0 0.00 
DEO2O' - 83 110.7 80 3 3. 75 	not 
...7signi. 
NaF 44 58.7 40 2 5.00J<0.l 
DEO4O' - 52 69.3 279 26 9.32t>6.5 
NaF 45 60,0 305 12 393_Jsigfli 
DE060' - 48 64.0 426 24 5.63)>5.0 
It NaF 40 53.3 401 10 s igni  
DEO80' - 22 29.3 198 12 6 .06? 1.99 
NaF 25 33.3 144 4 
not 
2 . 78 i 
* No. colonies screened determined from survival + other minimal 
master plates. 
(a) Survival levels determined by plating i...'lO-4  of original suspension 
on minimal medium. 
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(mutation events in component II) can be subsequently classified into: 
those which are probably deletions since they also lose adjacent 
genes; those which do not lose adjacent genes and are therefore point 
mutations or much shorter deletions, 	mtr ' recessive- lethals (probably 
deletions) can also be scored along with non-recessive lethals 
(probably intragenic changes), 
3. Stadler's mtr forward mutation systems. 
+pd.X mtr CI  Ool-4 	arg-2 pan-2 	+ 
CII cot + + + 	+ + 	trp-2 ad-2 
Conidia from the heterokaryon were treated with DEO (O 0 lM) for up 
to 70 minutes at 28°C, washed, and plated out on the screening medium 
both with and without NaF (5mM). Large numbers of mutagenized conidia 
(>5 x l06/plate) were inoculated into the screening medium thus 
giving rise to a technical problem s After 4 to 5 days incubation at 
29°C, both large colonies (4mm diameter and greater) and smaller 
colonies (1-2mm diameter) grew up on the plates. 	Representatives of 
each class were picked and tested for their resistance to pFPA. 	The 
smaller colonies proved to be pFPA 5 (mtr 5) whereas the larger colonies 
were true pFPAR (intrR) colonies, 
The small sensitive colonies probably grew because unmutated 
pFPA S conidia absorbed pFPA from the medium before dying. This 
effectively lowers the concentration of pFPA in the medium and allows 
any surviving- sensitive conidia to grow. The effect could be diminished 
by reducing the number of cells on the plates, and by limiting thee 
inoculum. of conidia to <1  x 106  conidia/plate. Only pFPAR  grew under 
these conditions, 
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The number of DEO_inducedpFPA! mutants (mtr!) was significantly 
reduced if NaF was present in the screening medium (see Table 6). The 
effect was variable but often more than 50% of the mutants were 
eliminated. 	If NaF specifically inhibits mutations resulting from 
chromosome breakage then a 50% reduction is expected as 42% of the 
mutations induced by DEO in N., 'crassa were deletions (Ong and de 
Serres, 1975). 
The inclusion of pFPA in the medium along with NaF raised the 
question of a possible interaction between them in eliminating mtr! 
mutations unspecifically. 	This might occur for example if thé'nitr! 
phenotype were modified by NaF. To test this conidia from an mtr 
mutant were mixed with pFPA(rntr) conidia and plated on screening 
medium with or without NaF. There was no difference in the frequencies 
of mtr-r colonies on each series of plates (see Table 7, Expt. 1), and 
it seems unlikely that pFPA and NaP were combining to suppress the 
resistant phenotype of the'rnti- mutants. 
However, selection against the'nitr mutants by NaP may have 
operated only in mutagen-treated conidia. The reconstruction experi-
ment was next performed using two parallelmtr suspensions of conidia. 
To one of them was added a small number of'mtr conidia and both were 
treated with DEO and plated on selective medium with and without 
fluoride. There was a significant difference in the yield of induced 
mtr mutations in the presence compared with the absence of post-
treatment (See Table 7, Expt. 2). 	Comparisons of the parallel series 
of treatments show that nearly all the reductions in mutation frequency 
following NaP post-treatment can be accounted for by the effect of NaF 
on newly induced mtr mutations (See Table 7b). 
The differences in'mtr! mutation yield for the two parallel experi-
ments both with and without NaP post-treatment are: 
Table 6 
Stadler?s mtr Screening System 
To determine whether NaF affected the frequency of DEO-induced mtr 1' 
mutations. 
DEB - 0.].M 





















(t10 6 ) 
-1d.f. 
5%sjgnf 
1. Control -- 124 33.8 10000 4.56 	0 	0.0 
It NaF 128 38.5 103.2 5036 	0 	0.0 
DE05 - 198 37.6 159.7 8.11 10 	1.23 
It NaF 212 35.3 171.0 .8.14 	10 	1.22 
DE0-60' - 80 40.2 64.5 3.50 	257 	73.42 
V. Sig. - 
" NaF 57 25.9 45.96 .1. 01 	27 	. 	16.77 
DEO-70! - 38 44.7 30.6 1.85 60 32.13 12 
NaF 39 33.5 31.4 1.42 	19 	13.38 V. Sig. 
2. Control - 61 35.0 100.0 0.86 	0 	0,0 
to NaF 67 32..7 109.8 0.90 	0 	0.0 
DEO-20' - 51 30.3 83.6 
NaF 59 	- 	.. 33.1 96.7 too 	many 	mtr 	colonies 
DEO-30 - 43 38.6 70.5 present for individuai 
it NaF 37 26.5 60.7 isolation. 	Colonies 
DEO-40' - 37 43.6 60.7 indistinct. 
it NaF 28 23,1 45.9 
DEG-50 ' - 28 37.6 45.9 2.33 	120 	51.5 
- NaF 29 27.5 47.5 1.76 	81 	46.02 N.S. 
DE0-60 - 16 24.2 26,2 0.86 	38 	44.19 )20 
it NaF 19 37.8 31.1 1.59 	21 	13,2 Jv.sig. 
Survival levels determined by plating approximate dilutions of-10 7-4 
of original suspension onto minimal plates. 
The percentage of heterokaryon conidia per series determined from colonies 
counts on minimal all types of colony re. het + CI + CII colonies. 
Table 7a. 
mtr Screening System 
Reconstruction experiments 




NaF - 5 mM 
1 
Expt. 1 
Treat- Post- Surviving % Het. Het s. Colonies pFPA 
ment Treat- Hetero- Hetero- Survival Colonies pFPA (xlO 	) 
ment karyon karyon Screened 
Colonies conidia in (xlO ) 
sus pens i 01 
Control - 438 31.5 100,0 3,15 97 30.79 
it NaF 417 29.8 95,2 2.84 88 30.98 
Expt. 2 	
Expt. (a) Conidia were all pFPA. in original suspension 
Expt. (b) Conidia were a mixture of pFPA- and pFPAR, 































(a)Control - 	173 44.3 	100.0 	5.98 0 0.00 
It NaF 162 42.1 93.6 5.32 0 0.00 
25 1DEO - 	110 55,5 	63.5 	4.76 86 18.07 )27.46 
it NaF 98 53.8 53.2 - 	3.86 21 5.44 Jv.sig. 
45 1DEO - 	25 37.1 	14.5 	0.73 65 89.04 8.03 
NaF 	20 31.2 	11,6 	0.49 23 46.94 v Sig. 
(b)Control - 	162 39 9 9 	100.0 	5.39 919 170.50 
NaF 	145 38.2 	89,5 	4.62 901 195.02 
251DEO - 	96 43,6 	59.3 	3,49 - 1115 319.48 
NaF 	92 45,5 	56.8 	3.49 '-893 255.87 
45 1DEO - 	24 27,9 	14.8 	0,56 189 	1337.5 




No.of mutants affected by NaF post-treatment 
DEO 	DEO + N.F 
Treatment - Treatment .Expt, 2(a) Expt. 2(b) 
251 DEO 	- 25'DEO+F 12,63 63.61 
45' 	DEO 	.-.45 1 DEO+F. . . . 	_.42.10. 61.5 
The differences in rntrr  mutation yield in the parallel series are 
of similar magnitude considering that thousands of mtr conidia were 
originally inoculated in Expt, 2(b). 	It seems unlikely that the mti1 
phenotype is altered by NaP and thus NaF does appear to give an anti-
mutagenic effect with DE0-inducedmtr mutations. 
The mtr mutants produced in two experiments (expt, 1 & 2, Table 6) 
were analyzed to determine whether there was a difference in the pro-
portions of the three mutant types derived from series both with and 
without fluoride post-treatment. 	The mutants were classified as "point" 
mutants, deletions, and recessive lethals on the basis of their growth 
patterns on: (1) minimal medium + pFPA; (2) minimal medium + arginine 
+ pyridoxine + p1A; (3) minimal medium + arginine + pyridoxine + 
anthranil Ic acid + pFPA (incubated at 35 °C). 
Mutant conidia unable to grow on minimal medium + pFPA alone were 
classified as deletions; Isolates failing to produce cot colonies at 
35°C on medium with pyridoxine, anthranilic acid, arginine and pFPA 
supplements were classified as recessive lethals. 	Mutants able to 
grow on the three types of media and producing cot colonies at 35 °C 
were classified "point" mutations. 
NaP post-treatment failed to alter the relative proportions of 
the mutant classes (see Table 8). 	If NaP eliminates deletions 
specifically, the yield of DEO-induced deletion mutants in the NaP- 
Table 8 
Analysis of mtr" mutants isolated from expt. (1) and (2) 










5' DEO 10 10 (100) 0 (0) 0 (0) 
5' DEO+NaF 10 10 (100) 0 (0) 0 (0) 
60' DEO 68 56 (82,3) 2 (2,9) 4 (5.9) 
60' DEO + NaF 24 24 (100,0) 0 (0.0) 0 (0,0) 
Expt. 2 
50' DEO 64 61 (95.3) 3 (4.7) 0 (0.0) 
50' DEO+NaF 49 	i 43 (87,8) 0 (0.0) 6 (12.2) 
60' DEO 15 14 (93.3) 0 ('0.0) 1 (6,7) 
60' DEO+NaF 6 5 (83.3) 1 (16.7) 0 (0.0) 
Pooling data of 50' and 60' DEO + NaF treatment 













treated series should be lower than in the series without NaP post-
treatment. 	The data show this did not occur. 	One explanation of 
this might be found in the very low frequency of deletion mutants. 
The yield of recessive lethal mutantg was also very low and a specific 
reduction with NaP post-treatment could have been difficult to detect. 
The intrinsic properties of the system may have been responsible 
for the low frequency of deletions and recessive lethals. 	If the genes 
in the region adjacent to the mtr locus are dispensable, then the 
shorter deletions would be classified as "point" mutations, and only 
the larger deletions covering either the pdx or IM loci, or other 
indispensable genes would be detected as deletions and/or recessive 
lethals. Therefore if NaF is eliminating deletions, although the 
overall mutation frequency was reduced, unless all the deletions were 
large enough to cover indispensable;genes, the reduction in deletion 
nor 
frequency would necessarily be seen. 
Storage Experiments 
Storage experiments were also carried out using the nitr screening 
system since results from Atwood's system indicated that storage of 
mutagenized conidia for 2 - 6 hours decreased the frequency of induced 
recessive lethals. 
DEG-treated conidia were either plated out on the screening medium 
without NaP (apart from the zero storage time series of treatments, in 
some experiments), or held in water either with or without NaP (5mM) 
for up to 24 hours, and then plated out. 
The survivals of treated and untreated conidia decreased with 
increasing storage, but the frequency of 	mutations surprisingly 
increased with storage (see Table 9). This occurred with and without 
Table 9 
Stadler's mtr Screening System 
The effect of storage and/or NaF in the holding solution on the 
frequency of DEO-induced mtrr  mutations. 
DEO - 0. 1M. 	NaF - 5mM. 
Ecpt Treat- Post Surv. %of % Het. Hets mtr mtr Ldf 
ment Treatment Het. Het, Surv- Scregned Colonies mutant 5% 
Hrs NaF Colonies Conidia ival (xlO ) - (x10 6 ) sigf 
Stored 
1, 	Control 0 - 118 40.9 100.0 2.05 0 0.0 
0 	* NaF 116 47.5 98.3 2.33 0 0.0 
DE045' 0 - 48 35.8 40.6 1.63 343 210 >85 
0 	* NaF 67 48.5 56.8 3.09 322 104 Jv.sig.f 
1 - 41 28.8 34.7 1.12 470 419 
1 NaF 42 15.2 35,5 0.61 423 693 
DE060' 0 - 62 42,7 52.5 2.51 32 12 Not 
s1gf 
0 	* NaF 33 37.9 29.9 1,18 32 .27 )decre 
1 - 20 18.2 16.9 0.34 46 135 wiih,bJ 
1 NaF 28 19.5 23.7 0,52 43 82 
3 - 24 22.0 20,3 0,50 213 426 
3 NaF 29 42.6 23.6 1.9 148 77 
6 - 61 38.3 51.6 2.21 133 60 
6 NaF 17 23.6 14.4 0.38 162 426 
Coitrol6 - 90 32,3 76.3 1.23 0 0,00 
6 NaF 68 30.6 57,6 0.88 0 0,00 
* NaF was in plating medium. 
Table 9 Cont. 
The effect of storage and/or NaF in the holding solution on the 
frequency of DEO-induced nitr mutations. 
DEO - 0.1M. 	NaF - 5mM. 
Expt Treat- Post Surv. % of % Het. ,Hets rntrL rntr .df 
ment Treatment Het. Het. Surv- Screened Colonies f req. 5% 
Hrs NaF Colonies Colonies ival (xlO ) (xl0) Sigf 
Stored 
2. 	cad. 0 - 190 29.6 100. 1.70 0 0.0 
0 185 30.3 95.6 1.69 0 0.0 
3 - 158 26.7 83.1 1.27 0 0.0 
3 NaF 219 29.2 115.3 1.94 0 0.0 
9 - 170 33.2 89.3 1.70 0 0.0 
9 NaF 163 39.0 85.6 1.92 0 0.0 
18 - 229 19.4 120.6 1.34 0. 0.0 
18 NaF 160 28.0 81.2 1.31 0 0.0 
450E0 0 - 71 35.6 37.6 1.72 9 5.2 
0 68 31.0 35.7 143 16 11.2 
3 - 95 29.3 50.0 1.89 84 44.4 
3 NaF 97 22.7 51.0 1.49 65 43.6 
9 - 101 21.9 53.2 1.50 351 23 4 
9 NaF 115 19.1 60.3 1.27 112 88.1 
18 - 66 20.3 34.5 0.90 215 23 8 
1$ NaF 96 25.6 50.6 1.67 134 80.2 
60 1DEO 0 - 103 26.4 54.3 1.85 16 8.6 
0' 118 23.1 62.1 1.85 21 11.4 
3 - 87 17.7 45.8 1.04 148 142,3 
3 NaF 98 28.7 51.7 1.91 83 43.4 
9 - 98 20.2 51.8 1.35 338 250.3 
9 NaF 106 30.3 56.0 2.18 129 59.1 
18 - 103 16.1 54.2 1.12 279 24 9 
18 NaF 98 30.5 51.7 203 232 114.2 
* No NaF in plating medium. 
61. 
NaF post-treatment. The result is in direct contrast to that ob-
tained after storage in Atwood?s system, 	However in thé'nitr system 
there was often a decrease in the frequency, of 'rntr mutations with NaF 
post-treatment compared with the series without fluoride treatment. 
The yield of xntr! mutations generally increased with increase in storage 
time, but NaF in many cases significantly reduced the yield of mutants 
overall. 	Certain cases occurred (2 out of 10) however,' when NaF post- 
treatment appeared to enhance the mutation frequency when the conidia 
were also stored. 
Two possibilities which might account for the increase inmtr! 
mutations were tested: (a) intracellular mutagen still present after 
washing would increase the total exposure of the conidia to the mutagen 
as storage time increased; (b) time may be needed for the full ex-
pression of the newly-induced mtr mutations'," ie. the wild type permease' 
would have to be replaced by the mutant permease before the cell became 
resistant to pFPA. 	Storing in water would allow the permease to be 
replaced before the conidium was 'challenged with the screening medium. 
Previous evidence exists to support the view that protein synthesis 
proceeds in conidia stored in water (Kilbey, 1973), 
The physical mutagen UV was substituted for DEO to prevent any 
effect of residual intracellular mutagen. 	The stirred conidia were 
irradiated with UV at 10 cm, for 20, 40 and 60 seconds to establish a 
survival curve for the heterokaryon and to ensure that thtr mutants 
were induced (see Table 10, Expt, 1), 	In the experiment to test for 
an after effect, conidia were irradiated for 40 seconds and stored 
for various times up to 18 hours, both with and without NaF in the 
storage liquid before plating the conidia out on screening medium 
Table 10 
Stadler's mtrI Forward Screening System. 
The effect of Storage and NaF upon mtr r- frequency. 
UV Treatment + 





























Control - 	- 184 100.0 30.1 1.51 0 0.00 
liv 20" - 	- 135 73.36 23.2 .85 54 63.53 
UV 40" - 	- 110 59.78 28.3 .85 89 104.70 
liv 60" - 	- 97 52.71 34.2 .90 145 161.11 
2. 	Control - 	0 316 100.0 46.2 2.31 0 0.00 
0 295 93.67 44.0 2.06 0 0.00 
3 1 	298 94.30 44.5 2.10 0 0.00 
" NaF 	3 264 83.54 41.4 1.73 0 0.00 
18 266 84.17 45.9 1.93 0 0.00 
NaF 	18 284 89.87 46.0 2.07 0 0.00 
*1 	UV 40" 0 206 65.18 44.0 1.43 71 49.65 
*1 0 195 61.17 43.52 1.33 71 53.38 
3 269 85.44 54.9 2.35 151 64.26 
" NaF 	3 204 64.55 41.3 1.33 153 115.04 
It 18 213 67.72 41.6 1.41 181 128.37 
NaF 	18 207 66.45 39.3 1.31 149 113.74 
a) % survival levels determined from the number of heterokaryon colonies on 
minimal medium. 
dilution of original suspension) 
*1 77 mtriso1ates picked and analyzed -. all "point" mutants. 
(without any NaF present). 
The mtr mutation frequency still rose with increasing storage 
time (see Table 10, Expt. 2), as it did with DEO mutagen treatment. 
This result could.not arise from the presence of residual mutagen, 
and the most reasonable explanation of the storage effect in the mtr! 
system is that some of the mtr! mutants required time to express the 
resistance phenotype. 
Seria and Stadler (1978) have shown that the nuclei in macroconidia 
are arrested at various stages in the nuclear division cycle and 
germinate asynchronously. The stage at which the nuclei are arrested 
may well influence protein synthesis, and explain why some but not all 
mtr mutations required time before the pFPA resistant phenotype could 
be expressed. 	This peculiarity of the mti- selective system made it 
impracticable tostudy the effect of storage on mutation induction and 
expression in the system. 
The 1W-induced mtr mutation frequency was completely unaffected 
by NaF post-treatment in the storage water, or by storage itself. 
None of the unstored UV-treated conidia were exposed to post-treatment 
r of NaP in the plates. 	77 UV-inducedmtr- mutants were isolated and 
analyzed and all were classified as point mutations. 
UV is an inefficient chromosome breaker (for review - see 
Auerbach, C., T19!76.) 	If Vogel's proposal (1973) 
is correct this lack of antimutagenic effect with NaP and storage on 
UV-induced mtr mutations would be expected. However, analysis of 
the DEO_inducedmtr! mutations, both with and without NaP post-treatment 
showed that all classes of mutation were affected by NaP, and there 
appeared to be no selective effect by NaP on specific types of lesion, 
and the yield of DE0-inducedmtr mutations was reduced when NaP was 
62. 
63. 
added to the storage water. 	Thus if all types of lesions are 
sensitive to NaP treatment, then the frequency of UV-inducedthtr! 
mutations would also be expected to be reduced, assuming that a.NaF-
sensitive state is common to both DEO- and UV-induced pathways of 
mutagenesis. 	If UV mutagenesis lacks this state, then it would 
account for the lack of the antimutagenic effect with UV. 
NaF may be selectively acting on induced deletions but the mtr 
screening system gives little evidence that this occurs. 
The extent of the antimutagenic effect of NaP increased with in-
creasing doses of mutagen in Atwood's system treated with DEB (See 
Fig, 2,) but this did not always occur with Stadler's mtr system. 
In certain experiments (see Table 11, and Fig, 4) the reduction in 
mtr! mutation frequency with fluoride post-treatment decreased with 
increasing doses of mutagen. The increasing effect of NaP on recessive 
lethal frequency in Atwood's system was thought to be associated with 
the increasing proportion of recessive lethals that were deletions. 
The effect of NaP did not increase with increase in dose in Stadler's 
system, and analysis of the induced mtr! mutants with and without NaP 
post-treatment showed there was no difference in the proportion of 
deletions. 	These results indicate that perhaps NaP is not prefer- 
entially eliminating deletions, 
TABLE 11 
Data obtained from Tables 6 and 7a (Expt. 2) 
Dose of 
DEO 
Expt, 	(mins.) Survival (x 10 	) 
Reduction in mtr frequency 
with N aF as %of mtr fre-
quency without NaF 
5' 159 1,23 ) 
) 0,8 
5' + NaY 171 1,22 ) 
60' 64,5 73,42 ) 
) 77 
60' + NaP 45,9 16,77 ) 
70' 30,6 32.13 ) 
) 40 
70' +NaF 31.4 13.38 ) 
50' 4.6 51.5 ) 
) 15 
50' + NaP 47.5 46.02 ) 
60' 26,2 44,19 ) 
) 70 
60' + NaP 23,1 13.2 ) 
25' 55,5 18,07 ) 
) 70 
25' + NaP 53.8 5.44 ) 
45' 37.1 89,04 ) 
) 47 
45' + NaP 31,2 46.94 
9' 
00 
0/0 Reduction 70 
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FIG.4 	The o/b reduction in DEO - induced rrtr mutation frequency 
with NaF 	post-treatment 
64, 
4. De Serres adenine-3 System 
Heterokaryon 12. 
Component I : A his-2 	ad-3A ad-3B nic-2 + 	+ 	inos 	+ 
Component II : A 	+ 	+ 	+ 	+ al-2 	cot 	+ 	pan-2 
de Serres ad-3 system is a system in which the induced mutants can 
be classified as multi- and intra-genic changes. 	This heterokaryotic 
system screens for forward mutations at two closely linked loci (ad-3A 
ad-3B), which can later be classified as (a) point mutations which will 
grow as homokaryons when supplemented with adenine, and (b) recessive 
lethals (many of which will be deletions), which will not grow when supplied 
with adenine. Complementation between the various mutants and a set 
of tester strains enables the type of mutant to be determined. 
The heterokaryotic conidia were treated with'DEO (75mMand'100mM) 
for two hours at 30°C, with constant shaking. These treatments were 
known to give 40 - 60 adenine -3 mutants/10 
6 surviving heterokaryotic 
colonies (Ong and de Serres, 1972). 	42% of these mutants were of the 
deletion type. 	Any specific antimutagenic effect of the NaF upon de- 
letions should therefore be detected with ease. 
NaP post-treatment was initially carried out by adding it to the 
jug medium usedto grow up colonies from the treated conidia. The 
final concentration of NaP was 5mM. Purple adenine-requiring colonies 
were screened in all the jugs but none were found in any of the jugs 
that contained NaP. The jugs without NaP however, did have purple 
colonies present (at the expected frequency - see Table 12), 
Although NaP could be eliminating mutations completelyby acting 
at an early stage in DEO-mutagenesis, it seemed important to test the 
TABLE 12 
ad-3 Results 
The effect of NaF upon ad-3 mutation frequency. 
Experiment 1. 
Conidial suspension: 2 x 10 
6 conitha/mi. 
Mutagen 	: DEO (75 and I9OmM), 2 -hour treatment, 30°C 















rate (x 10 	) 
Control 100.0 1,679 1 0,59 
Control + NaF 94,02 1,578 0 0,00 
DEO(5OmM). 28,11 0,944 .21 22,25 
DEO (50mM) + NaP 30,87 1,037 0 0000 
DEO (75mM) 18,16 0,203 14 68,86 
DEO (75mM) + NaP 14.93 0,752 0 0.00 
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simpler possibility that pigmentation alone was being suppressed by 
the salt. To do this a reconstruction experiment was carried out 
in which a known number ofad-3 mutant conidia was added to untreated 
heterokaryon 12 conidia, and inoculated into jugs both with and without 
NaP in the medium. The jug cultures were incubated for seven days 
and scored for the presence of purple colonies. There were far more 
purple mutants in the jugs without NaF than those with NaP. Approxi-
mately 100 purple colonies were found in each jug without fluoride, 
whereas less than 10 were found in jugs containing fluoride. NaF 
therefore apparently suppresses the pigmentation of the ad-3 mutants. 
These experiments were done during a six-week stay at the 
Research Triangle Park, North Carolina, and more extensive reconstruction 
experiments were impossible. However this reconstruction experiment 
showed that a change in experimental design was necessary. 
To avoid NaP effects in the jugs, simultaneous treatment with DEO 
(0.1M) and 5mM NaP was used (Expt, 2), instead of the usual procedure 
described. Unfortunately, this did introduce the possibility of in 
vitro interactions between the DEO and Nap. After two hours treatment 
the centrifuged cells were inoculated into the jugs and incubated. 
In case the incubation time with NaP (and the treated cells) was 
too short, another experiment (Expt. 3) was carried out simultaneously, 
in which the conidia treated with DEO (0.1M) were washed and resuspended, 
half in buffer and half with NaP (5mM), The cultures were incubated 
this time for 18 hours, with. constant shaking, before they were inocul-
ated into the jugs. 
It was hoped that the suppression of production of purple pigment 
by NaP would be prevented by: (a) washing out the NaP in experiment (2), 
and (b) diluting the lOmls of 5mM NaP solution into 10 litres of medium 
66, 
in experiment (3). 	The possibility of an in vitro interaction between 
the DEO and NaP was also prevented in experiment (3). 
Purple colonies were found in the NaF-treated series in both 
experiments (2) and (3), . 1All the mutants fromthe - NaF-.and non-Na.F-
treated samples were isolated and kept for genetic analysis. 
The samples of conidia removed from the jugs were counted and the 
survival levels (%) of the heterokaryotic conidia from the jugs was 
determined. The mutation rate for each series was checked to see that 
the expected survival levels of around 30 - 50%, and mutation rates 
6 
of 20 - 60 mutants/10 surviving colonies, had been obtained (see Tables 
13 and 14). 
The Nap post-treatment did not appear to affect the yield of DEO- 
- induced ad-3 mutants in either experiments (2) or (3). However, when 
the presumptive ad-3 mutants had been analyzed to ensure that they were 
true ad-3 mutants, homokaryotic for component II, a decrease in mutant 
yield was found with NaP in experiment (2), Experiment (3) showed no 
decrease in mutant frequency (see Tables 13 and 14). 
The ad-3 mutants that were homokaryotic for component II were 
then analyzed using the complementation testers ad-3A and ad-3B (see 
Methods) to determine their genotype, i.e. whether they were ad-3A or 
ad-3B mutants, or whether they were possible ad-3A/3B double mutants 
(see Table 15), 
The mutants that were not homokaryotic for component II were dis-
carded, if after repeated platings, no ad-3 mutants could be obtained 
(see Methods). All possible brown/purple colonies had been originally 
picked from the jugs to ensure all ad-3 mutants were detected, 	Some 
of the NaP treated series had more faint 'brown colonies in them than 
the non-Nap-treated series, and these may well have been the isolates 
TABLE 13, 
ad-3 Results 
Experiment 2, The effect of NaF upon ad-3 mutation frequency. 
Conidial suspension: 2 x .io6 con idia/mi,. 
Mutagen: 	DEO (100mM), 2 hours treatment, 30 °C, 

















rate (xlO 	) 
Control 100 2,124 1 0,47 
Control + 
107,1 2,277 0 0,00 
DEO (100mM) 51,7 3,299 105 31,83 
DEO (100mM) 4.079 132 32.36 
+ NaP 
TABLE 14 
Experiment 3. The effect of NaF upon adenine mutation frequency. 
Conidial suspension : 2 x 10  conidia/ml. 
Mutagen: 	DEO (100mM) 2 hours treatment, 30 °C. 

















rate (xlO 	) 
Control 100.0 1,238 2 1,61 
Control + 977 1.814 0 0.00 NaF 
DEO (100mM) 75.3 3.497 71 20.30 
DEO (100mM) 
68.2 4,439 92 20.73 + NaF 
0 
Table 15 













, 	 - Leaky 	Homokaryon 




 ad-3 (x10 6 ) 
pt..2 
.DEO 105 1 1 1 102 103 	31.22 
DEO+ 
132 1 57 1 73 74 	18.14 
NaF 
Expt3 
DEO 71 - 2 0 69 69 	19.73 
DEO+ 92 - 2 2 88 90 	20.27 
NaF 
Genotype of ad-3 Mutants Isolated 
Treatment Mutant 
Genotype 
?(maybe ad-3A/3 B) ad-3A ad-38 
Analyzed  double mutant 
cpt. 	2 
DEO 102 40 47 15 
DEO+NaF 73 26 37 - 10 
Expt. 3 
DEO 69 26 41 2 
DEO+NaF 88 47 33 8 
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that were later classified as unmutated wild type colonies, especially 
in experiment (2), where 57 isolates were eventually classified as 
wild types and discarded. 
The ad-3A, ad-3B and possible double mutants were then tested to 
see whether the mutations were associated with recessive lethality 
(Dikaryon test - see Methods) • Mutants that did not produce any cot 
colonies at 35 °C, were classified as recessive lethals 	These lethals 
were then tested in the Trikaryon test (see Methods) to determine 
whether the recessive lethality of the mutation resulted from a deletion 
covering the ad-3 region plus indispensable genes, or from two separate 
mutations, one of which affected an ad-3 locus. 
The ad-3 mutants were next classified as either point mutations 
or deletions,, 	The NaP treatment reduced the yield of deletions in 
experiment (2), but not in experiment. (3) (see Table l6a) 	Indeed, 
only 2 recessive lethals were produced in experiment (3), compared 
with the 18 induced in experiment (2). 	Analysis of the recessive 
lethals in the Trikaryon test (which indicates where the sites of re-
cessive lethality are) showed that all the recessive lethals were due 
to deletions (see Table 16b), 
The proportion of deletion mutations induced by DEO in experiment 
(2) is lower than found by Ong and de Serres using similar experi-
mental conditions, although similar levels of ad-3 mutations were in-
duced (Ong and de Serres, 1972),, 	However, the yield of deletions 
was drastically reduced from 17,77% to 2,,73% in experiment (2) with 
NaP treatment, and the incidence of.deletions in experiment (3) (for 
NaP and non-NaP series) was far below that in experiment (2). This 
indicates that perhaps NaP treatment, or storage in water alone for 
a few hours, prevents or at least partially inhibits, the production 
TABLE 16a 






Lethals (RL) % RL 
Experiment 2 
DEO 90 16 17.77 
DEO + NaF 73 2 2.73 
Experiment 3 
DEO 69 0 0.00 
DEO+NaF 88 2 2.27 
TABLE 16b 
Determination of whether recessive lethals were deletions (Trikaryon Test) 
IR 
Treatment EL analysed (ad_3A)IR (ad-3B) ad(3A 3B) 
Experiment 2 
16 - 1 15 DEO 
DEO+NaF 2 1 0 1 
Experiment 3 
0 0 0 00 ]CEO 
DEO+NaF 2 0 1 1 
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of deletions. 
Not only is there a reduction in recessive lethal frequency in 
experiment (2), but the mutation rate itself is also reduced. 	The 
elimination of nearly all. the deletions by NaF treatment cannot 
totally account for the 44% reduction in mutation frequency however 
since only 17% of the original ad-3 mutants are deletions. Then it 
must be concluded that NaF also inhibits the production of ad-3 
mutants resulting from point mutation. 
The storage of mutagenized conidia in experiment (3) may have 
also reduced the yield of deletions, both with and without fluoride, 
since far fewer deletions were obtained than in the experiment with 
no storage, i0e, experiment (2). 	Furthermore the mutational yield 
in experiment (3) was approximately 37 0/10 lower than in experiment (2) 
for the non-NaP-treated series. However, since the survival of 
conidia in experiment (3) was higher than in experiment (2)., the nuta-
genie dose was probably lower. 
Unfortunately, there was no non-stored DEO-treated series in 
experiment (3). This would have shown whether storage had reduced 
the yield of induced mutations, and more specifically deletions, or 
whether the DEO treatment in experiment (3) was not as effective as 
in experiment (2). 
At face value these results appear to support the view that NsF 
is acting as an antimutagen, preferentially but not exclusively 
eliminating deletion mutations. 
Complementation studies using the 9 tester strains shown in Fig. 17 (See 
appendix), were all carried out on the ad-3B mutants to determine whether 
there was a difference in the proportions of: polarized complementing; 
non-polarized complementing; and-non-complementing mutations with and 
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without NaF post-treatment. More ad-3B mutants are generally pro-
duced than ad-3A mutants and this was found in both experiments. 
This is assumed to be related to the relative sizes of the two loci 
(Griffiths, 1970). 
Nonsense and frame shift mutations may produce polypeptide 
fragments, and some deletions, if large enough, may prevent an ad-3B 
product from being formed. 	Missense mutations specify polypeptide 
chains with only a single erroneous amino acid. 
Allelic complementation results from an interaction between 
differently damaged monomeric components of the same multimer. The 
ad-3B locus provides a system in which a correlation between the com-
plementation pattern and type of genetic attention has been established. 
Mutants which revert in a way which suggests they result from base pair 
substitutions show a high frequency of allelic complementation, 
mostly non-polarized (Mailing and de Serres, 1967). 	Mutants which 
behave as frame shift mutations in reversion tests produce either 
polarized complementation patterns or exhibit non-complementing be-
haviour. 
There was no difference in the proportions of the three classes 
of ad-3B mutants in the series either with or without NaP post-treat-
ment in experiments (2) and (3) (Table 17). 	Therefore NaP does not 
specifically affect either base pair substitutions or frame shift 
mutations. The complementation maps of mutants induced in experiments 
(2) and (3) show. that the types of mutant and number of complons 
covered were very similar for treatments with and without NaP treat-
ment (see Fig. 567,8). 	Therefore if NaF is antimutagenic, it has 
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FIG. 5 	Genotype and classification of ad-3D mutants 	 Polarised 	31 (000/°) 
induced by DEO treatment in 	expt. 3.. 	 Non -Polarised 10 (2Io/ 0) 

















FIG. 6 Genotype and cIossficz:ition of ad- 3B mutants 
induced by DEO+ NoF treatment in expt.2. Polarised 
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FIG. B Genotype and classification of ad 3B mutants 	 Polarise d 	6 	(18 o,) 
induced by DEO . NaF treatment. 	in expt. 3 	 Non - Pdarised tO (3Oc ) 
Non -Complementing: 17 ( 52oi ) 
TABLE 17 
Analysis of ad-3B mutants (Complementation Test), 
ad-3 mutants Non-complementing Non-polarized Polarized 
Treatment - 	tested mutants (%) mutants (%) mutants(%) 
Experiment 2 
47 6 (13) 10 (21) 31 (66) DEO 
DEO + NaF 37 10 (27) 7 (19) 20 (54) 
Experiment 3 
41 24 (58) 6 (15) 11 (27) DEO 
DEO + NaF 33 17 (52) 10 (30) 6 (18) 
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NaP appears to be inhibiting mutation frequency in the ad-3. 
system, and appears to preferentially eliminate deletions, but point 
mutations too are lost. 	However, the protocol used represents a de- 
parture from* . that used with Atwood's and Stadler's systems, and possible 
effects of: (a) altered permeability of the conidia to the mutagen, 
(b) in vitro reactions of DEO and NaF, (c) possible inhibition of 
purple colonies in the presence of residual NaP may all be important 
factors differentiating the experiments conducted with de Serres systems 
from the ones described earlier. 	Unfortunately, any attempts to in- 
vestigate the effects of these factors were pre-empted by the limited 
time available at the Research Triangle Park. 
In order to investigate the specificity of the antimutagenic 
effects of NaF further in a system which could allow the positive 
identification of deletions and point mutations in the same experiment 
a new Neurospora heterokaryon was synthesized which did not require 
the technical resources of the de Serres system, 
5. Synthesis of new N.; craàsaheterokaryons 
The objective of this part of this work was to synthesize a 
heterokaryon in which reversions (point mutations) and recessive 
lethals (probable deletions) can be unambiguously scored in the same 
experiment. 
To achieve this an attempt was made to introduce the adenine 
3A(38701)allele into both components of Atwood's heterokaryon, The 
proposed heterokaryon could not be produced by crossing the individual 
- 
components(arg + _; met;' amyc ) to the adenine mutant; theamyc 
component proves extremely difficult to cross (Kilbey - personal 
communication). 	Therefore the heterokaryon was used in the cross 
710 
with ad-3A(38701)as the female parent for both crosses. 
Atwood's heterokaryon (H,422) was inoculated into crossing tubes 
with the expectation that both homokaryotic components would form 
protoperithecia. 	The adenine-3A (38701) stiain was inoculated into 
the tubes and the resultant ascospOres. were analyzed. 
Cross 1, Het 422 	m,t, A 	 x ad-3A(38701)m,t,a 
Linkage Group VII R 	1L 1R IR 
CI met-7 	amyc + 	x ad 
CII 	 : arg-6 	x ad + 	+ 
The progeny required were the recombinant types: 
CI 	: met-7 amyô 	+ ad-3A 
CII 	: + + 	arg-6 ad-3A 
Both new components have a good chance of still being heterokaryon 
compatible. The ascospores were obtained and colonies were isolated 
after plating them on Fries minimal medium plus arginine, adenine and 
methionine. Germinated and ungerininated ascospores were isolated 
since the ungerminated ascospores. were expected to include the slower 
growing amyc isolates. 
The amyc isolates (showing wild-type growth) were analyzed for 
their requirements, 
Genotype 	 Frequency 	 Type 
amyc met arg ad 	 . 	4 	) 
- 	 ) 	RECOMBINANTS 
amyc met4 arg ' ad 	 27 	) 
amyc4 met arg ad4 	 21 	) 
+ 	 ) 	- PARENTALS 
arnyc met arg4 ad 	 17 	) 
Genotype 
+ 	- 	+ 	- 
	
amyc met- ad 
+ 	+ + 
amyc met arg ad 
Frequency 	 Type 




100 ungerminated mature ascospores. picked never germinated. 
Approximately 251a of all the .ascOspores' produced should have carried 
the amyc marker, i.e. 50% of the progeny from the cross: amyc met 
x ad, assuming that amyc nuclei are equal in number toamyc+ nuclei 
in the heterokaryon, and that they mate equally well. Since amyc is 
a mutant which has a drastic morphology effect, amyc -ascospores may 
have required special conditions for their germination. 	In an attempt 
to improve germination a further 100 mature, heat-shocked ascospores,, 
that had not germinated, were inoculated onto glycerol complete medium. 
However, even incubation for several weeks failed to produce any ainyc. 
isolates. 
The amycelial marker is known to be difficult to manipulate in 
crosses (T, Pittenger - personal. communication), and the procedures 
adopted here failed to yield any amyc progeny. 	The ainycelial marker 
may have been blocked in ascospore germination, but this seems unlikely 
since Atwood originally crossed it successfully, albeit with some 
difficulty (D, Stadler - personal communication). 	The attempts to 
modify Atwood's heterokaryon were therefore discontinued, 
2. The second heterokaryon was synthesized with the same objective. 
However it was designed to permit deletions to be detected by the Un-
covering of two closely linked resistance markers. Both components 
contained the revertible adenine_3A( 38701) allele ,to permit the scoring 
of reverse point mutations, 
73 
This heterokaryon should ultimately have the following 
characteristics: 
(38701) 
Component I - : 	- auxotrOphicforcingmarkérs 	fpr-]. 	- ad-3A 
Component II : Y - auxotrophic forcing markers + 	-2 ad-3A- 
(38701) 
cyh 2 is a cycloheximide resistance marker located close to spray 
() in linkage group YR0 	According to Hsu (1963) cyh 2 is a dominant 
allele in heterokaryons. 	cyh 2 markers can grow on medium supplemented 
with 5mg of cycloheximide/lOOml of medium, with only a slight reduction 
in the rate of growth compared with growth on minimal medium alone. 
Wild type conidia are completely inhibited by cycloheximide at these 
concentrations 
The biochemical and physiological action of cyh 2 is not understood 
- however inhibition of protein synthesis by cycloheximide probably 
occurs at the ribosomal.level. 	If this is so, any mutant conferring 
resistance to cyclohexiwide might be expected to be dominant because it 
probably results in ribosomal modifications 0 
pr-1, isolated by Kinsey and Stadler (1968), is resistant to 
DL-para-fluorophenylalanine (pFPA) in concentrations up to 10mg pFPA/ 
lOOmls medium. Early results indicated that fpr-1 lacked the ability 
to concentrate pFPA, as well as tyrosine, phenylalanine, and tryptophan 
in the mycelium but the basis of pFPA inhibition is still not fully 
understood. 	pr-1 is recessive in heterokaryons (Kinsey and Stadler, 
1968). 
Certain auxotrophs especially those conferring lysine and arginine 
requirement can either completely or partially suppress the resistance 
of fpr-1 to pFPA. These auxotrophs were not used as forcing markers. 
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The advantage of usingfpr-1 andcyh-2 lies in their juxtaposition 
on the Vth chromosome: they are separated by only 0.5 map units. 
The two resistance markers can thus be used to detect deletions 
spanning them both in the following way. Theheterokaryon with the 
two markers in trans would be pFPA-sensitive but cyclohexinilde-resistant. 
Heterokaryotic conidia in which treatment had inactivated the wild type 
allele pFPA would become resistant (to pFPA and remain resistant also. 
to cycloheximide), but if a deletion had occurred covering not only 
R 
pFPk
s - but cyh—, the heterokaryon should simultaneously become cyh- 
sensitive. 
i .e. 
S 	R 	 S 	R 




pfpa S  
deleted 
fpr-1 (F.G,S.C O No. 1696 - obtained from J. Kinsey) andcyh-2 
(F.G.S.C. No. 881 - obtained from Fungal Genetics Stock Centre), were 
retested to confirm their phenotypes, and to ensure they are not cross 
resistant to the other chemical. 	fpr-1 failed to grow on cycloheximide 
medium (lmg/lOOml), but grew at a slightly reduced rate on pFPA medium 
(lOmg/lOOml), when 10 
5_ 
 10 6 conidia were inoculated per plate. 
Similarly cyh 
-2 grew well on medium with cycloheximide (lmg/lOOml) 
but not on pFPA medium (5mg/100nil). 
To start with each resistance marker was crossed with different 
double auxotrophs, both of which contained the adenine 3A(38701)allele. 
Linkage group: 	V 	 I 
Cross 77002 : fpr1 (m.t. a) x' ad-3A 	pan-2 (m.t, A) 
75, 
Linkage group: 	 V 
Cross 77006 : cyh-2 (in,t. a) 	x 	ad-.; 3A 	inos (m.t. A) 
The required isolates were obtained: 
CI : fpr-1 	ad-3A pan-2 (m.t. A) 
and 
CII : cyh-2 	ãd-3A 	inos (m.t. A) 
but they proved to be heterokaryon incompatible. To make the components 
heterokaryon compatible the two isolates were crossed and backcrossed 
with met-2 (m.,t., a), to obtain a common genetic background. 	After 3 
back crosses isolates were finally obtained with the following configur- 
ation that were heterokaryon compatible: 
CI 	: m.t, A 	ad-3A pan-2 fpr-1 
CII 	: m,t. A 	ad-3A + + cyh-2 	met-2 
The heterokaryon was adenine requiring, pFPA-sensitive, and cyclo-
heximide resistant. 	The revertibility of the adenine 3A(38701)allele 
was verified by plating out UV- and DEB-treated conidia onto Fries 
minimal medium, and revertant colonies were obtained. Neither the 
met-2 or pan-2 alleles were revertible with DEB or 1W treatments, 
The linkage ofcyh-2 to fpr-1 was confirmed by crossingcyh-2 
(m.t, a) to d pan pr-1 (m,t. A), and plating out on complete medium 
containing both pFPA and cycloheximide. Out of approximately 5000 
ascospores plated out, only 27 recombinant double resistant mutants 
were obtained confirming the close linkage between them. 
The resistance of the heterokaryon and components I and II, to 
pFPA and cycloheximide was re-checked. Only CI grew on medium 
supplemented with pFPA, and both CII and the heterokaryon grew on 
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cycloheximide supplemented medium. There was some residual growth 
of the heterokaryotic colonies on pFPA medium, but no large colonies 
grew. When the heterokaryon was plated out on Fries minimal + 
adenine, pantothenate, and pFPA (lOmg/lOOml), i.e. allowing both hetero-
karyotic and component I colonies to grow, large colonies grew on the 
residual background growth. These large colonies proved to be 
component I, requiring adenine and pantothenate supplements. 	The 
small colonies were able to grow on Fries minimal + adenine and were 
therefore heterokaryotic colonies. 
The number of nuclei per conidia (nuclear number), and ratio of 
CI:CII nuclei in the heterokaryon were important factors in deciding 
which of several independently synthesized heterokaryons were to be 
used. The nuclear numbers of the conidia derived from the heterokaryotic 
-- colonies were determined using Lao's modified technique (see Methods), 
Under ideal circumstances heterokaryotic conidia should contain only 
two nuclei, one of each type. 	If the average number of component 
II nuclei in the heterokaryotic conidia exceeds 1, the efficiency with 
which fpr-1 colonies will arise will be drastically reduced. 
Two heterokaryons were tested: 
Component I 79011-15/component II 79009-14 
and 
Component I 79011-24/component II 79009-14, 
The frequencies of nuclei per conidium (nuclear number), and the 
ratios of CI:CII nuclei in the heterokaryon were determined, 
(a) - CI 15/CII 24 
Nuclei per conidium 
.2 ''''3456 
Frequency in * (i) 31 49 	17 6 	0 0 
Heterokaryon 	(ii) 15 40 	19 5 	1 0 
Total 46 ' 89 	36 11 	1 0 	= 183 
* Two independent conidial samples were scored, 183 conidia scored 
in total. 
No, of nuclei scored = (1 x 46) + (2 x 89) + (3 x 36) + (4 x 11) 
+ (5 x 1) 
= 381. 
Total no. nuclei ' '381 
Average nuclear number 
Total no, conidia 
- 183 
=2.08 
Ratio of CI:CII nuclei in the heterokaryon. 
Aliquots of conidia from the heterokaryon were plated on: 
(a) Fries minimal medium + adenine; (b) 'Fries minimal + adenine + 
paritothenate; (c) Fries minimal + adenine + niethionine. 
77. 
F,min + ad 
Colonies 	 73 
No,Col,-No,Hets, 
Freqy,of colony type 	73 
% colonies 	 38 
(Heterokaryotic 
conidia) 
F.min + ad, + pan 	'F min +'ad + met 
	
141 	 124 
141- 73 	 124--+73 
68 	 51 
35 	 26. 
(CI conidia) 	CII conidia) 
78, 
The ratio of CI : CII in the heterokaryon: 
•68:5l 
=1.33 : 1 	 o ° 0 CI > CII, 
(b) - CI - 24/CII 14, 
Nuclei per conidium 
1' 	2 ...... ..........5' 	'6 
Frequency in 16 55 23 8 4 1 
Heterokaryon 16 	42 20 8 2 1 
Total 32 	97 43 16 6 2 	= '196 
196 	conidia scored. 
No. of nuclei scored = (1 x 32) + (2 x 97) + (3 x 43) + (4 x 16) 






.2..35 ...: .' . 
The ratio OfCI:CII in the HeterOkaryon, 
Conidia from heterokaryon plated on three types of media, 
F,min + ad 	-F.min + ad + pan F,min + ad 	+ met 
Colonies 63 129 105 
No.Col,-No, 12963 . 10563 
Het,Col, 66 . 42 
% colonies 36,8 38,5 24.5 
(heterokaryons) (CI) (CII) 
Ratio 	CI : 	CII in the Heterokaryon, 
66 51 ,, 	CI > CII, 
79 a 
Therefore both heterokaryons have average nuclear numbers of just 
over 2, and have ratios of CI:CII nuclei of approximately 1:1. 	Both 
therefore appear to be suitable for using as the screening system. 
The percentage of heterokaryotic conidia suitable for screening 
(for mutations to pFPA-resistance) among the conidia from the hetero-
karyon cultures can be calculated from the two values above. Only 
heterokaryotic conidia containing one component (CII) nucleus are 
suitable for screening for mutations to pFPA!,, The expected frequency 
of conidia of this type was determined using the binomial expansion, 
(p+q) = 1. 	where 
p = frequency of CI nuclei 	) 
In the 
q = frequency of CII nuclei 	) ) heterokaryon.. 
n = number of nuclei in the conidia) 
This assumes that the probability of either nucleus entering a 
conidium is (a) proportional to its frequency, and (b) unrelated to the 
nucleus already present in the conidium, i.e. the inclusion of any 
nucleus is an independent event. 
In the expansion of 
(pq)fl = 1, the p'q term represents the 
conidial fraction suitable for screening for mutations to pFPA! since 
it only.contains one CII nucleus, 
For isolate CI 15/CII 24 
CI : CII 
= 0.57 : 0.43 	 p = .57 
q = .43 
(1) where n = 1 
(0,00%) None of the mononucleate conidia obtained from the 




here n =2. 	(p+q) = 1 = p
2 	2 + q + 2pq. 
2pq of the binucleate conidia are useful for screening, 
2'x,57'x'.43 
x 100 	 x 100 =49% of conidia. 
1 
(3) Where n = 3. 	(p+q) 3 = 1 = p
3 	2 	2 
+ 3p q + 3qp + q 3  
3p2q of trinucleate conidia are useful for screening,, 
.2 
x 100 = 042 x 100 = ' 	of coni cii a, 






 q+6p  2 2 q +4pq 3  
4p 3q of tetranucleate conidia are useful. 
3 '4p 	 0.318 
x 100 = 
	
1 x 100 =31,87a of conidia,, 
1 
5 	5 	4 	32 	23 	4 
(5) Where n = 5. 	(p+q) = 1 = p + 5p q + lOp q lOp q + 5pq + q 
5p4q of pentanucleate conidia are useful,, 
4 '5pq 0.227 1 x 100 = 
	
x 100 = '22,7% of conidia. 
66 	5 	42 	33 (6) Where n=6, 	(p+q) =l=p +6pq+l5pq +2Opq + 
24 	5 	6 
l5pq +6pq q 
6p 5q of hexanucleate conidia are useful. 
6p5q x 100 = 055 x 100 = 15.5% of conidia. 
'No, nuclei per'conidium 
'1 	2 	3 	4 5 6 
Frequency 	 46 89 36 11 	1 	0 = 183 
% conidia useful 
for screening 	0.0 
Actual no,conidia 
useful for 	 0 
screening 
49 	42 	31.8 	22.7 
43.61 	15,12 	'3.50 	023. 
I. 
0 = 62.,46T 
81. 
The percentage of all conidia suitable for screening is therefore 
62,494 x 100 =:34.J2% 
If only the multinucleate classes are considered then 
• 62.494 x 100 = 45,38% of all multinuclear conidia are 
137 
available. 
Similarly it can be calculated for isolateCI24/CIIl4. 
CI : CII = 061 : 0.39 
(p) 	(q) 
% of conidia suitable for screening: 
nl - 	OeO% 
n = 2 (p+q) 2 = 1 2pq/1 x 100 	= 47.58% 	suitable 
n = 3 3 (p+q)= 1 3p2q/1 x 100 	= 43,53 	U 
n = 4 (p+q) 	= 1 4p 3q/1 x 100 	. 35.40 
ii = 5 (p+q) 5 = 1 5p4q/1 x 100. = 26.99 
n = 6 (p+q) 6 = 1 6p5q/1 x 100 	= 19.76 
No, nuclei per conidium 
1 	2 	3 	. 	4 5 6 	Total 
Frequency 32 97 43 16 6 2 = 	196 
% conidia useful 0 	47,58 	43,53 	35,40 	26,99 19.76 
for screening 
Actual no.conidia 
0 	46,15 	18,72 	5,66 	1,62 0.40 	= 72.55 useful 
72.55 





% of all multinucleate conidia useful = 44.24% 164 
With both heterokaryon isolates, over a third of all conidia are suit-
able for screening for pFPA! mutations, 
82. 
To see whether the ratios of CI :CII nuclei for both heterokaryon 
isolates were optimal for screening for pFPA! mutation, the percentage 
of conidia available for screening for a variety of CI:CII ratios 
was determined, with a standard nuclear distribution based on the sum 
of the distribution of both isolates. 	It was assumed that the frequency 
of nuclear distribution was not subject to great variation between iso-
lates with different CI:CII ratios, since the two independent isolates 
obtained had very similar distributions, though this may not necessarily 
be true. 
Nuclear distribution 
1 	2 	..... ........... 5 6 
Frequency 	(a) 	- 	89 36 11 	1 0 
(b) 	- 	97 43 16 	6 2 
Total 	 186 79 27 	7 2 = 301 
The mononucleate conidia class was ignored since none of these were 
suitable for screening. 
Using various CI:CII ratios: 
CI : 	CII p 
Frequency 
q 
1 	: 2 33 67 
1 	: 1 50 50 
2 	: 1 .67 .33 
3 	: 1 075 .25 
4 	: 1 .80 .20 
The % of conidia suitable for screening: 
83. 
Nuclei per.conidia. 	1 .%.available 
1 0 x100 
2 2pq/1 x 100 
3 3p2q/1 x 100 
4 4p3q/1 x 100 
5 5p4q/1 x 100 
6 6p5q/1 x 100 
Ratios 
('(1114 r14 11111 
CI 	: . . ........ 2 . 	3 4.5.6.. Total 
1 	: 2 % suitable 0,0 43.56 21,56 9,48 3,91 0.51 
No,suitable 0 81,02 . 	17,03 .2.56.. 0.31-.0.01.100.9 
1 	: . 1% suitable 0.0 50,0 37,5 25 15,6 9,3 
No.suitable '. 	0 	. 93 29.62 .6.75 1,25c . 	0,19 130,81 
2 	: 1 % suitable 0,0 43,56 43,12 37,94 31.30 24,79 
No,suitable . 	0 81,02 .34,06. 10.24.. .2.5 .0.49 .128,31 
3 	-: 1 % suitable 0.0 37,5 42,18 42,18 39.55 35.59 
No,suitable 0 69.25.. .33.32 . .11.39 ...2.77. . 	0.78 .117.51 
4 	: 1 % suitable 0,0 32,0 38,4 40,96 40,96 39.32 
No,sujtable. 0 59.52 30,33 11,05 .3.27.. .0.78. 104,93 
suitable for screening: 
Ratio 
CI:CII nuclei in 	 No, of conidia 	Total No, 	 % 
Heterokaryons .............suitable .........conidia .......Suitable 





see Figure 9. 
100,9 302 . 33,42 
130,809 302 43,314 
128.31 302 42.486 
117,51 302 39.20 
104,93 302 32,79 
o/°of the 














in the heterocaryon 
FG.9.Hypothetical 	c urve 
Suitable 	for screening 
relating 0/0 multinucleote 
, with 	heterocaryons 





The ratios of CI 15/CI 14 and CI 24 /CII 14 are approximately optimum 
for obtaining the maximum yield of conidia suitable for screening for 
R 
mutations to pPA— (see Fig. 9) 	Therefore both heterokaryons were 
used in the mutational experiments with NaF. 
Break-Point System 
Component I 	: 	ad-3A(38701) 	fpr-....+ 	pan-2 
Component II  
ad-3A (38701) met-2 	+ 	cyh-2 	+ 
Linkage Group 	 IR 	 IVR 	VR 	 VIR 
• Method. 
Conidia from a single colony isolate were harvested in the usual 
manner (see Atwood's system) and the conidial concentration was adjusted 
to 2 x 
10  
conidia/m10 The mutagen was added and at predetermined times 
washed out either by filtration or centrifugation. The conidia were 
resuspended in cold water (4°C), and the survival levels were determined 
by plating 02 of a 10 dilution of the original suspension on: 
(1) Fries minimal plus adenine, (2) Fries minimal plus adenine and 
pantothenate, (3) Fries minimal plus adenine and methionine 0 	The 
heterokaryotic survival levels were obtained from the numbers of colonies 
on the minimal plus adenine plates (l) 	The percentage of heterokaryotic 
conidia was determined from the total number of homokaryons and hetero-
karyons on all three types of plates. 
The total number of heterokaryotic conidia being screened for 
mutations was calculated from: the percentage survival of heterokaryotic 
conidia, the percentage of heterokaryotic conidia in the inoculum and 
85. 
the conidial concentration. 	Adenine reversions were screened for 
by inpiating 1-5 x 
10  
conidia/plate in molten Fries minimal medium 0 
pFPA! mutations were screened by iplating 5-10 x 10 5 conicua/plate in 
molten Fries minimal medium supplemented with adenine and pFPA (10mg/ 
lOOml medium). The optimum level of pEPA for mutation screening was 
loing/lOOml medium 0 pFPA-sensitive conidla produced a background lawn 
on lower levels of pFPA, and higher levels (> lomg/lOOml) produced a 
drastic retardation in the growth of pFPA-resistant colonies. 
The colonies on the survival and adenine mutation plates were. 
scored after incubating.them at 32 °C for 3-4 days. The pFPA mutation 
plates were incubated for 7 days at 28°C and screened for the presence 
of large (, 4mm diameter) colonies. These were picked with a sterile 
needle and inoculated into small tubes containing the screening medium 
(Fries minimal plus adenine and pFPA). These colonies were incubated 
for a further 7 days and the conidia were plated out on: (1) Fries 
minimal medium plus adenine, (2) Fries minimal medium plus adenine and 
cycloheximide (4mg/100ml medium), and incubated at 32 °C for 4 days. 
If colonies appeared on adenine plates (1), but not on the cycloheximide 
plus adenine plates (2), the mutation was classified as a deletion, 
since treatment had inactivated the wild-type pFPA-S allele in 
component II, and simultaneously inactivated the adjacent cyh-2 locus 
in component II. 
Small .(2mm diameter) colonies were also picked up off the 
screening medium, and these failed to grow up in the tubes containing 
screening medium, Therefore the conidia plated out on the cyclohexiinide 
plates were probably all derived from pFPA! colonies and did not carry 
contamination from the background lawn. 
86. 
The initial experiments with the new heterokaryotic break-point 
system were carried out to ensure that both adenine revertants and 
pFPA! mutations could be induced by a variety of mutagens. Furthermore 
it was important to be sure that some of the induced-pFPA mutations 
were indeed deletions. 	It was only then that NaF post-treatment was 
used to see if it affected the yield of both end points, i.e. point 
(reverse) mutations and putative deletions. 
Conidia (2 x 106/ml) were irradiated with UV for 30 seconds (10 
cm distance) and the conidia were inoculated either into minimal medium 
(to screen for adenine reversions) or minimal plus adenine and pFPA 
R (lOmg/lOOmi) screening medium (to screen for pFPA— mutations), Conidia 
(2 x 106/ml) were also treated with DEB (0,1M) and DEO (0.1M) for 
various times up to 60 minutes. 	In treatments with all three mutagens 
both types of mutations were produced (see Tables 18, 19). 
H 
The forward mutation pFPA— frequency was higher than the adenine 
reversion frequency, as expected. The spontaneous frequency for re- 
-6 
version of the adenine 38701 allele was very low ( 1 x 10 ), whereas 
R 	 -6 
the pFPA— mutation frequency was higher (25 x 10 ), 
H Some pFPA— colonies were isolated from treatments with UV and DEB 
and grown up in tubes containing the screening medium and analyzed for 
CHX resistance. All the UV-induced pFPA mutants were still resistant 
H 
to cycloheximide, i.e, the pFPA— mutations were assumed not to be 
deletions that also cover the cyh-2 locus. However some of the DEB-
induced pFPA! mutants had lost theirresistance to cyclohexixnide and 
were probably deletions (See Table 22), 
Not all the "deletions"in this region proved to be associated 
with recessive lethality, i.e. the component II homokaryon could be 
recovered showing that deletions could be recovered 
Table 18 
The induction of adenine revertants and pFPA mutants in the Break-Point 



















1. Control ad 63 34.4 1001 0 0.791 0 0.00 
it 
 pFPA 63 34.4 100.0 0.395 1 2,53 
30 11 UV ad 41 32.3 69,8 0.518 9 17.37 
it 
 pFPA 41 32.3 69.8 - 0.259 79 305.02 
2, Control ad+ 48 27.2 10010 - 	0.544 0 0.00 
pFPA 48 27.2 100.0 0.272 1 3.68 
UV 30 11 ad 35 44.6 72.9 0.658 7 10.64 
pFPA! 35 44.6 72.9 0.329 72 218.84 
Table 19 
The induction of adenine revertants and pFPA- mutants in the Break-Point 
system with DEB (0.1M) and DEO (0.1M) treatments. 
















1. Control ad 153 32.48 100.0 0.259 0 O. 0C 
ft pFPA! 153 32.48 100.0 0.324 3 9.2 
DEO-30' ad 114 34.6 74,5 0.308 1 3.25 
pFPA 114 34.6 74.5 0.256 31 121.01 
2. Control ad 109 55.0 100.0 1.045 0 0.00 
pFPA 109 55.0 100.0 1.045 4 3.83 
DEB-40' ad 23 54.8 21.1 0.215 2 9.3C 
pFPA- 23 54.8 21.1 0.215 44 204,6.1 
87, 
wck 
-- 	 - - -- 	 - 	 were not associated with recessive 
lethality, nor presumably resulting from whole chromosome loss. This 
was done by plating conidia from the mutant isolates on Fries minimal 
medium supplemented with adenine and a predetermined subnormal amount 
.0 of methionine, incubated at 28 C for 3 days. 	This allowed large 
dense heterokaryotic and small diffuse (presumably) homokaryotic (CII) 
colonies to be differentiated visually. The three most diffuse 
colonies were picked per plate and inoculated into tubes with Fries 
minimal plus adenine medium. Any growth in the tube would have indi- 
cated that the diffuse colony was heterokaryotic, and no growth indicated 
that a component II homokaryon had been picked. Very few diffuse 
colonies were found on non-limited methionine. This procedure showed 
whether the "deletion" was associated with recessive lethality. Failure 
of the CII component homokaryon to grow showed that the "deletion" was 
associated with recessive lethality. 	The results do not, however, 
completely rule out the possibility that "deletions" may actually be 
losses of the whole V chromosome, Before this can be established 
mutants in both the right and left arms of chromosome V will need 
to be incorporated into the strain. The fact that some deletions are 
viable supports the view that not all of them can be aneuploid, Many 
"deletions" were found to be associated with recessive lethality (or 
chromosome loss), and these "deletions" may have covered indispensable 
genes on either side of the fpr-lcyh-2 region. 
The linkage map of chromosome VR is: 
iso-leucine 
valine 	lysine-2 cycloheximide-2 fpr-1 leucine-5 spray 
I 	I . 
map 
units 	- 5.5 	 1,0 + - "- 0,5 + 	1-10 
88, 
Since some of the mutations at least are true deletions, it was 
possible to proceed with the investigation into the antimutagenic 
effects of NaP. 
DEB-induced mutations appeared to be more sensitive to NaP post-. 
treatment than DEO-induced mutations, but in general DEB induced more 
mutants dose for dose than EEO (see Tables 20, 21). 
Both types of DEB-induced mutations were equally affected by NaP post-
treatment, and statistically significant reductions of greater than 50% 
in mutation frequency occurred following NaP post-treatment, DEO-
induced mutations were also sensitive to NaF post-treatment, but the 
reductions were not statistically significant. 	Furthermore, in certain 	-: 
experiments with DEO, NaF had very little, if any, effect on mutation 
frequency (see Table 21). 
A recessive lethal frequency.-of >4%. appeared to be required in 
the Atwood system before NaP exhibited its antimutagenic effect. 	The 
doses of DEO in the Break-Point system sometimes may have failed to 
induce a high enough yield of mutation for the NaP to show any effect. 
DEO often failed to induce a significant yield of adenine mutations, 
unlike the yield produced by DEB treatment, The yield of both types 
of DEO-induced mutation maybe too low to see any effect of NaP. 
These results do indicate, however, that although NaP appears to 
reduce both the yield of reverse mutations and forward mutations, its 
effect is rather variable (see Figs. & 11). Dose of mutagen in the 
cell may have a major influence on the effect of NaP, as was found in 
the Atwood system with DEB and NaP. 
pFPA! mutant colonies were picked from the DEO- and DEB-treated 
series (t NaP post-treatment) and analyzed for deletions. Table 22 
shows that the proportion of DEB- and DEO-induced deletions was not 
Table 20 
R 	 + The effect of NaF on DEB-induced pFPA- and adenine mutations in 
the Break-Point System. 
DEB - 0.1M 
NaF - 5mM in plating medium 
Expt Treat- Post- 'Mutant Surv. 	% Het. % Het, Het.Mut- Mutant Xldf 
ment Treat- type Het. I Colonies Surv. Colonies ants freq.7 5% 
ment Colonies ival Screened (x10 6 ) sign. 
(a) (x106) 
1. 	Control - ad 75 44.0 100.0 4.40 0 0.00 
NaF ad 91 31.3 121.3 375 0 0.00 
- pFPA 75 44.0 100.0 0.88 2 2.27 
NaF pFPA 91 31.3 121.3 0.75 1 1.33 
20'DEB - 
+ 
ad 45 15.0 60.0 0.913 21 21.91 05 
NaF ad 42 23.1 56.0 1.298 3.7 13.10 
J3. 
N.S. 
- pFPA 45 15.0 60.0 0.182 43 236.26 30.91 
NaF pFPA 42 23.1 56.0 0.259 12 46.33 Jv.sig 
2. 	ContiDi - ad 172 32.5 300,0 8.125 5 0.62 
NaF ad+ 167 35.0 97,1 8,488 2 0.24 
- pFPA 172 32.5 100,0 1,625 0 0,00 
NaF pFPA 167 35.0 97,1 1,698 0 0.00 
20'DEB - ad 52 30.5 30,2 2,453 68 27.72 	116,4 
NaF ad 47 31.0 27.4 2,124 23 10.83 )V.Sig 
- pFPA 52 30.5 0.490 15 30.61 30. 2 
NaF pFPA 47 31.0 27.4 0.425 10 25.53 	)N.S. 
Expt Treat- Post- Mutant Surv0 % Het. %Het. Het. Mut- Mutant df 
ment Treat- type Het. Colonies Surv- Colonies ants freq.7 5% 
ment Colonies. ival Screened cl06) sign. 
(x106 ) 
3. 	Ccrtrol ad 269 43.4 100.0 15.64 5 0.32 
NaP ad 108 24.4 63.9 5.62 4 0.71 
- pFPA 169 43.4 100.0 4.17 2 0.48 
NaF pFPA 108 24.4 63.9 1.50 3 2.00 
10DEB - ad+ 132 36.8 78.11 6.90 22 3.19 
NaF ad 113 36.1 66.8 5.80 17 2.93 
~<l. 
.S. 
- pFPA 132 36.8 78.11 1.38 12 8.70 5.58 
NaF pFPA 113 36.1 66.8 1.16 2 1.72 JSig. 
20'DEB - ad 102 38.9 60.36 5.64 34 6.03 
NaF ad 85 43.1 50.30 5.21 20 3.83 
12.68
N.S. 
- pFPA 102 38.9 60.36 1.13 21 18.58 14.81 
NaF pFPA 85 43..1 50.30 1..04 8 7.69 JSig. 
300E8 - ad 69 25.8 40.82 2.53 53 20.95 
NaF ad 81 37.7 47.9 4.33 34 7.85 
121.8
v.sig 
- pFPA 69 25.8 40.82 0.51 21 41.18 Y3.45  
NaF FPA 81 37,7 4709 0,87 13 14,94 .sig 

















FIG. 10. 	The effect of NoF 	on 	the DEB-induced 
cd and pF FK 	mutition frequencies (from table 2C. 
Table 21 
The effect of NaF on DEO-induced pFPA and adenine+ mutations in 
the Break-Point System. 
DEO - 0.1M 
NaF - 5mM in plating medium. 
Expt 	Treat- Post- Mutant Surv. % Het. %Het. Het. Mut- Mutant 
ment 'type Treat- Het.. Colonies Surv- colonies ants freq.7 5% 
merit Colonies Ival (x].06 ) (x10) sigf 
1. 	ContrciL - ad+ 192 31.0 100.0 1.86 3 1.61 
NaF ad+ 173 33.0 90.1 1.78 1 0.56 
- pFPA 192 31.0 100.0 0.62 4 6.45 
NaF pFPA 173 33.0 901 1 0.59 7 11.86 
30 9DEO - ad 196 36.0 102.1 7.34 13 1.77 <0.5 
NaF ad+ 198 35.0 103.2 7,22 11.- 1.52 N.S. JIN. - pFPA 196 36.0 102.1 1.46 5 3.42 <1.0 NaF pFPA- 198 35.0 103.2 1.44 6 4.17 S. 
45'DEO - ad 87 30.0 45.3 2.72 34 12.50 
NaF ad 90 29.0 46.8 2.71 30 11.07 N.S. 
- pFPA! 87 30.0 45.3 0.54 44 81.58 2.64 
NaF pFPA 90 29.0 46.8 0.54 30 55.56 N.S. 
601DEO - ad+ 85 33.0 44.3 2.92 	-. 41 14.04 9.5 
NaF ad 84 30.0 43.8 2.63 15 5.70 S ig. 
- pFPA! 85 33.0 44.3 0.58 27 46,55 
'1<1.0: 
NaF pFPA- 84 30.0 43.8 0.53 32 60,38 JN.S. 
Dcpt Treat- Post- Mutant Surv. Het. % Het. j-Iet. Mut- Mutant Ldf 
went Treat- type Het. Colonies Surv. Colonies ants fre.7 5% 
•nient Colonies ival Screened (x10 6 ) sigf 
(x106 ) - 
2. 	çontrl - ad 169 43.44 100.0 15.64 5 0.32 
NaF ad 108 24.43 63.91 5.62 4 0.71 
- pFPA 169 43.44 100.0 4.17 2 0.48 
R 
NaF pFP A 108 24.43 63.91 1.50 3 2.00 
15 1DEO - ad 
+ 
154 42.08 91.12 13.80 16 1.16 
NaF ad 115 30.83 68.05 7.55 8 1.05 
~N<1.0 
.S. 
- pFPA 154 42.08 91.12 3.68 7 1.90 
NaF pFPA 115 30.83 68.05 2.01 5 2.49 )N.S. 
30'DEO - ad 123 40.33 72.78 10.57 15 1.42 
NaF ad 88 34.88 52.07 6.44 10 1.55 
~<1.0 
NQ S. 
- pFPA 123 40.33 72.78 2.82 5 1.77 
NaF pFPA 88 34.88 52.07 1.72 6 3.49 
~<1,0 
N.S. 
45 1 DEO - ad 102 40.48 60.35 8.79 17 1.73 
NaF ad 83 39.71 49.11 7.02 11 1,57 
- pFPA 102 40.48 60.35 2.35 7 2.98 
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FIG . II. The eff.f 0 f NCF on the DEO-induced r ad and 	pFPA 	mutation frequencies i from table 21 
Table 22 
Analysis of pFPA mutations - induced by UV, DEB and DEO 
Treatment Adenine pFPA pFP? Mutations Tota pFPA 
Mutation Mutations non putative pFPA- deletion 
(x10 6 ) (x10 6 ) deletions deletions mutations f req. 
% % analyzed (xl0 6 ) 
Control 0.00 4,78 3 (100.0) 0 (0.0) 3 0.00 
UV-30' 4.64 264.71 40 (100.0) 0 (0.0) 40 0.00 
Con 0.00 3,83 5 (100.0) 0 (0.0) 5 0.00 
DEB-30' 0.00 204,65 36 (85.7) 6 (14.3) 42 29.26 
DEB-20' 1.68 88.24 11 (78.6) 3 (21.4) 14 18.88 
it 	20'+NaF 0.00 94.59 11 (100.0) 0 (0.0) 11 0.00 
it 	30' 7.64 145.8 20 (76.9) 6 (23.1) 26 33.67 
if 	30'+NaF 0.68 132.65 14 (82.4) 3 (17.6) 17 23.34 
DEB-20' 27.72 30.61 5 (83,3) 1 (16.7) 6 5.11 
it 	20'+NaF 9.37 23.53 6 (66.7) 3 (33.8) 9 8.50 
Control 0.32 0.71 1 (50.0) 1 (50,0) 2 0.35 
Control-i-NaF 0.48 2,00 0 (0.0) 2 (100,0) 2 2,00 
DEB+10' 3.19 8,70 7 (58) 5 (42) 12 3.65 
+10 2 +NaF 2.93 1.72 2 (67) 1 (33) 3 0.57 
" 	20' 6.03 18.58 15 (71) 6 (29) 21 5,39 
" 	20'+NaF 3.83 7.69 5 (63) 3 (37) 8 2,85 
" 	30' 20,95 41,18 13 (62) 8 (38) 21 15.65 
" 	30 9 +NaF 7.85 14.94 8 (62) 5 (38) 13 5,68 
Table 22 cont. 
DEO_45 1 12.5 8.1.0 10 (71.4) 4 (28.5) 14 23.1 
45 9 -i-NaF 10.6 53.5 16 (84.2) 3 (15.8) 19 8.5 
60 15.5 47.3 9 (81.8) 2 (18.2) U 8.6 
60+NaF 5.6 59.7 4 (50.0) 4 (50.0) 8 29.9 
Control 0.32 0,71 1 (50.0) 1 (50.0) 2 0,3 
it 	 +NaF 0.48 2,0 0 (0.0) 2 (100.0) 2 2.0 
DEO-15 9 1,16 1.05 5 (71.0) 2 (29.0) 7 0.3 
it 	15t+NaF 1,90 2.49 1 (20.0) 4 (80.0) 5 2.0 
if 30 9 1.42 1.55 4 (80.0) 1 (20.0) 5 0.3 
if 	30'+NaF 1.77 3.49 3 (100.0) 0 (0.0) 3 0.0 
it 	45' 1.93 1.57 5 (45.0) 6 (55.0) 11 0.9 
" 	 45'+NaF 2.98 4.28 3 (43.0) 4 (57.0) 7 2.4 
-J 
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drastically reduced by NaF treatment, although a reduction in 
deletions was seen in some of the treated series. However, NaF was 
not selectively eliminating deletions as the point mutations (ad) 
were also reduced by the NaF post-treatment. This was unexpected 
since Olzsweska had found no effect of NaF on the reverse mutations of 
adenine 3A(38701) the same adenine allele used in the Break-Point system 
(see Fig. 3), 
To test that NaF was not preferentially eliminating induced pFPA 
deletions, comparisons of the curves of adenine mutation frequency 
versus pFPA!_deletion mutation frequency were made for DEB-treatment 
with and without NaF post-treatment, The data for DEO-treatments are 
too small and the spread of points too limited for any overall effect 
to be seen. The deletion frequency was obtained by determining the 
percentage of DEB-induced pFPA! mutations. in each series that. are 
deletions, and multiplying the corresponding pEPA! mutation frequency 
by this fraction. 
There does not appear to be a selective reduction in pFPA deletion 
mutants compared with revertants at adenine 3A(38701). However, by 
plotting pFPA! deletions versus ad-3A reverse mutations, the possibility 
that variations in dose may be affecting mutation frequency can be ig- 
R 
nored, since the pFPk- deletion frequencies with and without NaP are 
compared at similar genetic doses, i0e, the adenine mutation frequencies. 
If there is no selective effect then the plots of series with and 
without fluoride should be on the same line, and if there is selection 
against pFPA deletions by NaP, the two plots, should be different. 
The curves (see Pig. 12) show that NaF does not appear to prefer-
entially eliminate deletions. Unfortunately, even for DEB treatments, 
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FIG. 12. The effect of NoF on c€B-induced pFPA' 5 deletions 
at different mutagenic doses - indicated by the ad" mi.jt. freq. 
• 	withoutNaF.  
o 	with NaF 
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limited. 	Any conclusions therefore must be tentative. 
In the earlier experiments using Atwood's and de Serres' systems 
storage of mutagenized conidia led to a decline in forward mutation 
frequency. 	This was investigated using the Break-Point system. As 
reported the behaviour of thémtr mutation made it impractical to 
study this problem with Stadler's system0 	The Break-Point system has 
resistance markers also and it was anticipated that delayed expression 
of the pFPA mutations might also lead to difficulties here. 
To see if pFPA mutation frequency changed with storage following 
mutagen treatment the break-point heterokaryon conidia were treated 
with UV for 20,40 and 60 seconds(atlocm)and half the conidia from 
the 40 second treatment samplewereheld for 16 hours before screening 
for mutations. UV was used since it eliminated the possibility that 
residual mutagen might be causing any increase in mutational frequency 
observed -'following storage; Aliquots of IN-irradiated conidia were 
implanted in minimal medium (± NaF), and adenine plus pPPA medium (± NaF) 
and screened for both types of mutations. 
The results (Table 24) show that storage of treated conidia led to 
R an increase in pFPA— mutations. However, the adenine reverse mutation 
frequency was reduced with storage to a statistically significant extent. 
Comparison of adenine mutation frequency induced by 40s UV with 
or without 16 hours storage: 
Treatment Colonies screened adenine 1 d,f, 
( X 106) mutants 5% 
40S UV 5.78 32 ) - 
) 2.97 
40B UV ) 
3.59 	- 11 N.S. 
+.l6hrs.storage..... . 	 . 	 ...,...... .). 
40 s IN + NaP 	 4,61 	 36 ) 	11.54 
) 
40S jJl.J + NaP 	 ) 	very 
	
2.30 	 3 ) 
+ 16 hrs storage 	 ) 	signif. 
91, 
NaF post-treatment had no reducing effects upon either UV induced 
adenine or pFPA mutation frequency, as was found for UV-induced muta-
genesis with Stadler's rntr system. 	In fact NaP generally appeared 
to increase the frequency of both end points. So, although NaP in 
the Break-Point system appears to reduce the yield of chemically-
induced adenine and pFPA mutations, it did not reduce the yield of 
UV-induced mutations in the system. Analysis of UV-induced pFPA 
mutations had shown that all 67 mutants were point mutations. 
TABLE 23 
Comparison of DEB-induced adenine mutation frequency with pFPA 









(x 10-6 ) 
+N aP 
Control 0.32 0.48 0.36 2,00 
DES 10' 3.19 2.93 3,65 0,57 
DEB 20' 6.03 3,83 5.39 2,85 
DES 20' 1.68 0,00 18.88 0.00 
DEB 20' 27.72 9,37 5.11 8.50 
DES 30' 20,95 7.85 15,65 5,68 
DEB 30' 7.64 0.68 33,67 23.34 
pFPA deletion frequency obtained from the product of pFPA! mutation 
R frequency x fraction of analyzed pFPA— mutants that are deletions, 
Table 24 
The effect of NaF on UV-induced pFPA and ad+  mutations, and the 
effect of storage I NaF on mutation frequency. 























Control. ad 251 50.9 100.0 8.91 5 0,56 
it NaF 	ad 178 38.0 70.9 4.71 3 0.64 
- 	 pFPA 251 50.9 100.0 2.55 3 1.18 
NaF 	!pFPP& 178 38.0 70.9 1.35 3 2.22 
2. 	120stjV - 	 ad 213 45.6 84.8 6.86 14 2.04 
NaF 	ad 182 410 72.5 4.16 20 4.81 
'I 
PFPA 213 45.6 84.8 1.96 18 9.18 
it NaF 	I pFPA 182 41.0 72.5 1.19 17- 14.29 
3. 	409 UV - 	 ad 190 43.6 75.6 5.78 32 5.54 
NaF 	ad+ 134 49.3 53.4 4.61 36 7.81 
it 
- 	 pFPA 190. 436 75.6 1.65 34 20.61 
it NaF 	pFPA 134 49.3 53.4 1.32 26 19.70 
4. 	.609 UV - 	 ad 140 43.2 55.7 4.22 25 5.92 
NaF 	ad 129 37.4 51.3 3.36 47 14.00 
- 	 pFPA 140 43.2 55.7 1.21 33 22.27 
NaF 	pFPA 129 37,4 51.3 0.96 37 38,54 
5, 	40gUV - 	 ad 157 41.0 62.5 3.59 11 - 3,06 
'+ Held NaF ad 125 33.0 49.8 2.30 3 1.30 - 
:16-1 hrs - 	 PFPAa 157 41.0 62.5 1.03 101 98.06 
NaF 	pFPA - 	 125 33.0 49.8 0,66 109 165.15 
920 
NaP may have been suppressing the expression of the ad-3 reverse 
- mutations in the Break-Point system. A reconstruction experiment 
was carried out similar to that used with Stadler's mtr system. Two 
parallel suspensions of the Break-Point conidia were treated with DEB 
and plated on (a) minimal medium' ± NaP, (b) minimal medium + adenine 
. pFPA ± NaP. One of the suspensions had been inoculated with ad 
Break-Point conidia derived from an earlier experiment. The difference 
in yield of the mutations in the two parallel series can be accounted 
for by the effect of NaP on the newly inducedad-3 mutations - see 
Table 25. Therefore NaP does appear to be an antimutagen in the 
Break-Point system. 
TABLE 25. 	Reconstruction experiment with Break-Point System. 	To 
determine whether NaF/DEB were preventing the expression 
of the ad+  mutations. 




















* Expt. 1 
Control - 98 28.8 100.0 3.31 ad 	1 0.30 
+ NaI 91 29.6 92.9 3.16 0 0.00 
- 98 28.8 100.0 0.66 pFPA 	4 6.06 
+ NaF 91 29.6 92.9 0.63 4 6.35 
- 63 29.6 64.3 2.19 ad 	25 11.42 
+ NaF 53 23.8 54.1 1.48 10 6.76 
- 63 29.6 64.3 0.44 P FP.AR 	33 75.00 
+ NaP 54 23.8 54.1 0.29 14 48.27 
* Expt. 2 
- 110 31.6 100.0 3.63 ad 	87 23.97 
+ NaF 103 31.7 93.6 3.41 81 23.75 
- 110 31.6 100.0 0.73 pFPA' 	5 :6.85 
+ NaP 103 31.7 93.6 0.68 3 
- 68 33.7 61.8 2.40 ad 	88 36,67 
+ NaF 62 33.6 56.4 2.16 61 28.24 
- 68 33.7 61.8 0.48 pFPAR 	30 62.50 
+ NaP 62 33.6 56.4 0.43 20 46.51 
* Expt. 1 - all the conidia were ad in the original suspension. 
Expt. 2 - the conidia were a mixture of ad7 and ad. 
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6. Drosophila results 
The best evidence for fluoride inhibiting the production of 
mutations comes from Vogel's work on NaP with - chemically-induced sex-
linked recessive lethals in Drosophila (1973). 	More specifically 
Vogel proposed that the magnitude of the antimutagenic effect of NaP 
was related to the chromosome breaking ability of the mutagen. 
Trenimon-induced sex-linked recessive lethals (SLRL) were very sensitive 
to the action of NaF - with the trenimon-Induced sex-linked recessive 
lethals (SLRL) being reduced from 10% to 2% if NaP was included in the 
feeding solution. The recessive lethals induced by the weaker clasto-
gen, PDT, were less sensitive to NaP, and there was no effect of NsF 
on the SLRL's induced by A-137, an agent which does not appear to break 
chromosomes in Drosophila. 
These data were interpreted by Vogel as a genuine case of anti-
mutagenic action by NsF. However another possibility he did not 
appear to consider is that, since the flies were fed with the mutagens 
in solution, the NaP might affect the uptake of the solution. This 
could also result in an apparent reduction in induced mutation frequency, 
but for a trivial reason. 
If altered uptake was the cause for the apparent antimutagenic 
effect of NsF, then the other sodium halide used by Vogel as a control, 
NaCl, would not be expected to modify the uptake of the solution since 
Vogel found NaCl had no effect on the SLRL frequency (1973). 
The possibility that NsF interferes with uptake of the feeding 
solution was tested by determining whether the presence of NaP in the 
feeding solution altered the uptake of the test solutions by the 
14 
Drosophila males, 	Radioactive labelled sucrose(u- C) was used to 
9L, 
measure the uptake of test solution per fly. The uptake was deter-
mined from the amount of label in the homogenized fly and the amount 
of expired labelled CO  collected in KOH O 
The age of the Drosophila'melanogasterOr-KmaleS varied In the 
different experiments from 3 - 8 days (although in a particular experi- 
ment the flies were all of the same age). The males were treated in a 
sealed one-litre flask holding the sucrose solutions (2m1) contained in 
2.5cm dishes with a filter paper wick. The sucrose concentrations were 
or 5% and to them the mutagens, NaCl (12mM), NaF (12mM) andlabelled 
radioactive sucrose were added as required. A suspended vial, covered 
with cotton gauze, and containing lml of 5M KOR, was used to collect 
expired 14C in the flask. 
The labelled sucrose (U- 4C) was added to the test solutions to 
give about 106  cpm/ml, and the specificity of each test solution was 
measured, After treatment the flies were homogenized in water and 
then the homogenate was solubilized with two volumes of NCS tissue 
solubi].izer for five hours. 	The amount of (U- '4C) label in the solub- 
ilized flies and the KOlI was determined separately by adding EML 
Micellar scintillate Nf 200 to each of them, and the activity was 
measured by a scintillation counter. The control flasks containing no 
flies showed there was a small amount of U- 14C realeased as CO  (ab-
sorbed by the KOH) and this was attributed to microbial activity and 
was never greater than 1% of the total CO  expired, 
The initial experiments compared the uptake of labelled sucrose, 
both with and without NaF (12mM) or NaCl (12mM), 
9.,, . 
(1) Experiment to show reduction inuptakeoflabelled sucrose solution 
when NaP is present. 
Experiment a. 	All exposures were for 17 hours unless stated otherwise. 
Test solutions 	 Specific activity of 
Test Solution (cpm/ml) 
A 1% Sucrose 	(2m1) 	 615,000 
B 	 + 12mM NaCl (2ml) 	 651,940 
C 	" 	+ 12mM NaF (2ml) 	 612,520 
(a) Uptake of label found in homogenates of 44 flies (8 days old) 
- per series. 
A 	 5,620 cprn 
B 	 3,606 cpm 
C 	 742 cpm 
(b) Label found in KOB - from labelled CO 2' 
A 	 14,260 cpm 
B 	 15,697 cpm 
C 	 2,826 cpm 
(c) Total label in KOH and flies. 
A 	 19,880 cpm 
B 	 19,303 cpm 
C 	 3,568 cprn 
st,. 
(d) Total Test solution (111) taken up per fly was determined by 
dividing the total cpm by the nuither of flies and the specific 
activity of the test solution. 
A 	19,880/44 + 615,000 
B 	19,303/44 4 651,940 
C 	3,568/44 612,500 





Test solutions 	 Specific activity of 
•........ Test Solution.(cpm/ml) 
A 5% sucrose + lOpl DMSO 	1 	1,208,660 
B 	H 	 I? 	H 	H 	+ 12 mm 
NaF 	 1 0 248,580 
C " 	 H H 	H 	+ 12mM 
	
NaCl 	 1,191,980 
(a) Uptake of label found in homogenates of 60 flies - per series. 
A 	 12,015 cpm 
B 	 3,345 cpm 
C 	 15,218 cpm 
(b) Amount of label found in KOH (lml)., 
A 	 20,770 cpm 
B 	 8,030 cpm 
C 	 24,138 cpm 
970 
(C) Total label in KOH and flies. 
A 	 32,785 cpm 
B 	 11,375 cpm 
C 	 39,350 cpm 
DM80 was added since PDT uptake was also involved in the 
experiment, and PDT had to be dissolved in DM80. The uptake 
in Experiment 2 was slightly lower than in the first experiment, 
perhaps due to the presence of DM80, 
(d) Total test solution taken up per fly = 
Total activity number of flies + Activity of Test Solution. 
A 	32,785/60 1,208,660 
B 	11,375/60 1,248,580 
C 	39,356/60 + 1,191,980 




NaF in the solution invariably led to a decrease in the amount of 
sucrose taken up by the flies (see (d)). 	This reduction varied 
from 83% to 61% in the four experiments (2 are shown). NaCl had no 
effect upon the uptake of sucrose by the flies. These results indicated 
that the flies found the NaP distasteful in its own right. Furthermore, 
visual evidence Indicated that less feeding occurred when Nap was present. 
in the feeding solution. 
Investigations were now carried out to determine whether the flies 
could still discriminate against NaF containing solution in the presence 
of the mutagens. The mutagens used were in trenimon (0,01mM); PDT 
(1mM); A-137 (5mM). 
9.3. 
(2) Experiment to investigate affect of NaF on uptake of PDT and 
A-137 labelled test solutions. 
Test solutions 	 Specific Activity 
,.... 	
. 	 . ( cpm/ml) 
A 	1% sucrose 1,021,087 
3 " 	+ NaF 12mM 1,020,450 
C 	" " 	+ PDT 1mM 998,927 
D 	" " 	+ PDT 1mM + NaF (12mM) 995,533 
E 	" " 	+ A-137 (5mM) 958,353 
F 	" " 	+ A-137 (5mM) + NaP (12mM) 934,800 
17 hour exposure 
Specific activities 
......... ........ 
B C.... —D ........ E., . 	F 
80 flies 24,103 6,333 12 9 715 6,288 3,400 3,528 
KOH (lml) 15,825 4 1 928 10 1 463 3,788 2,477 2,286 
Total 39,928 11,261 23,178 10,076 5,877 5,714 
Uptake per fly(l) 0.49 0.14 0.29 0,13 0,08 . 0 108 
(See Figure 13). 
• Conclusions 
A-137 (E) and A-137 (F) reduced the uptake of labelled sucrose by 
the same magnitude. 
NaP (D) further reduced the uptake of labelled sucrose by PDT (C) 
compared with sucrose alone (A). 
9q. 
Presence of A-137 in the sucrose led to a large decrease in the 
uptake of the test solution, compared to just sucrose in the solution. 
Addition of NaP did not lead to further reduction in uptake with A-137. 
A smaller reduction in uptake was seen with the addition of.:PIYF, and 
simultaneous addition of NaP produced a further reduction In uptake of 
labelled sucrose to a level similar to that caused by NaP alone. 
Trenirnon had no effect upon the uptake of labelled sucrose, but presence 
of' NaF as well resulted in a drastic reduction of uptake of sucrose 
(see Experiment 4), 
The reduction In uptake of sucrose in the presence of NaF was 
marked in the series treated with trenimon, less marked with PDT, and 
almost absent with A-137, The degree of reduction of uptake with NaP 
was negatively correlated with the degree to which the presence of 
mutagens alone reduced uptake. There is a strong correlation between 
the reduction in sex-linked recessive lethal frequencies obtained by 
Vogel (1973) and the extent to which uptake of labelled sucrose test 
solutions is reduced by the parallel treatments (see Figs. 13& 14). 
To ensure that the level of uptake of the mutagen was also re-
flected in the mutation frequency, the flies treated with PDT (± NaP) 
were scored for sex-linked recessive lethals, and the uptake of labelled 
sucrose in parallel series of treatments was also measured. 	There was 
a difference In the SLRL frequency of the flies fed on PDT, and those 
fed on PDT + NaP, and this parallels the measured difference In uptake 
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FIG.13. 	Uptake of 	labelled 	Sucrose 	in 	the 
presence of PDTJ  A137 t NaF. 80 males used for each series 
17 hr. Veatment 
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0.01 mm, 	 I mm 	 5mM 
Treni mon PDT 
FK.14 - 	Dati from Vogd(19 )showing the frequency of 
sex-linked recessive lethals 	induced in Drosophila sperm 
by the mutagens t NàF. 
00. 
(3) Experiments to investigate the effect of NaF on (a) uptake of 
labelled test solutions containing PDT, and (b) the PDT-induced 
recessive lethal frequency. 
Test solutions 
	 Specific activity 
A 5% sucrose 
B " 	 + 12mM NaP 
C " 	" 	+ 1mM PDT (1) 
( 2) 
D 	" 	+ l2mMNaF (1) 
+ 1mM PDT (2) 
(1), (2) duplicate series. 
1,208,660 (uptake = 0.451i1) 





(a) Uptake of label found in homogenates of 60 flies. 
C 	(1) 7,140 cpm 
(2) 9,615 cpm 
D 	(1) 3,300 cpm 
(2) 3,015 cpm 
(b) Label found in KOH - from expired labelled CO2 . 
C 	(1) 14,675 cpm 
(2) 15,835 cpm 
D 	(1) 6,693 cpm 
(2) 7,025 cpm• 
(c) Total activity 
C 	(1) 21,815 cpm 
(2) 25,450 cpm 
D 	(1) 9,993 cpm 
(2) 10,040 cpm 
lot 
(d) Test solution taken up per fly. 
ui/fly 	mean 
C 	(1) 21,815/60 1,197,300 	= 0.30 ) 
) 	0.32p1 
(2) 25,450/60 + 1,247,080 	= 0.34 ) 
D 	(i) 9,993/60 + 1,226,520 	= 0.14 ) 
) 	0.i4.il 
(2) 10,040/60 + 1,186,340 	= 0,14 ) 
Frequency of PDT-induced SLRL's. 








0.45 197 0 . 	0 
B 0.15 192 0 0 
C 0.32 351 24 6.8 
D 0.14 423 17 4.0 
The controls show that there was no detectable increase in recessive 
lethal frequency resulting from the presence of small amounts of labelled 
U- 14C. 
Conclusion 
The reduction in uptake of labelled solution with NaF treatment 
is reflected in the reduction in SLEL frequency, 
To test whether NaF had any real antimutagenic effect, the recessive 
lethal frequencies were compared in flies in which the dose of trenimon 
was the same in the presence and absence of NaF. 
Since reduction in uptake with PDT ± NaP appeared to be the cause 
of reduction in mutation frequency, It was therefore predicted that 
trenimon joint treatment with NaP would reduce the uptake compared with 
trenimon alone quite drastically. Therefore short treatment times with 
10 L 
trenimon were carried out to obtain similar trenimon dosages 
with the flies treated with NaP treatments. 
(f) The effect of trenimon and NaP on uptake of labelled sucrose - 
and the frequency of trenimon-induced SLRL's ± NsF (12mM), when 
the flies are exposed in NsF and non-NaP treatments to the same 
dose 
Test solution Treatment 
Time (hr) 
Activity of Test 
Solution (cpmjml 
A 	1% sucrose + Trenimon(0.OlmM) 6 1 2 156,684 
B 	" + 	" 8 
it 
C + 	tt 10 
D 	" " + 	" 	+ 12mM NsF 20 
E 	" " + 	" 	+ 12mM NaP 24 
F 	" " + 	" 	- 20 
G 	" " + 	" 	+ 12mM NaP 28 
H 	" " - 20 1,230,045 
Specific Activity in 
A B C D E -F G H 
100 flies 	1,225 2,731 4,148 11,918 26,108 63,653 27,410 72,535 
imi KOH 	11,688 5,209 13,605 7,088 9,597 46,684 9,209 43,333 
Total 	12,913 8,440 17,753 19,006 35,705 110,333 36,619 115,868 




Trenjmon (F) did not affect the uptake of the test solution com-
pared with sucrose alone (H) 
There was a drastic reduction in uptake when NaP was added (D) 
Frequency of sex-linked recessive lethals induced in 3 day old males 
















1% sucrose + 0,01mM 
Trenimon 10 0.15 801 16 2,0 
1% sucrose + 0,01mM 
Trenimon + 12mM 20 0.16 888 19 2.1 
(See Fig. l, 
The uptake of sucrose was determined for each series. The ten hour 
treatment with trenimon alone resulted in a similar level of uptake to a 
20 hour treatment with trenimon plus NaP 0 The recessive lethal frequen-
cies obtained forsimilar levels of mutagen uptake in these two treatments 
(see Fig. 15) were not significantly different, and thus gave no support 
for the proposition that NaP modifies mutagenesis. 	Any difference in 
mutation frequency with NaF in Vogel's paper (1973) can be attributed to 
differences in uptake of the mutagen by the flies when NaP is present in 
the feeding solution. There is no real basis for proposing a real anti-
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FIG. IS. The effect of NCF on uptake of feeding suti0. 
Uptake of labelled 	lo/° sucrose solution alone (- •) pus 
001 M 	Trenimon (.- o), or plus 0-01mM Trenimon and 12mM 
N0F (- o  ) 	100 	3 day old flies used to determine 
each point. 
lOU. 
7. Sister chromatid exchange and metaphase and metaphase analysis 
The cytogenetic studies carried out by Obe and Slacik-Erben 
(1973), and Slacik-Erben and Obe (1976) indicated that NsF is an anti- 
mutagen, since it decreased the yield of chemically-Induced chromosome 
breaks by 25 - 50%. 
One factor that could also be responsible for this antimutagenic 
effect is the possible alteration of the speed at which NsF-treated 
cells pass through the cell cycle. 	Thus, although the time of sampling 
would be comparable, different populations of cells would be sampled 
in the different treatments. 	Slacik-Erben and Obe (1976) varied 
sampling times and measured time of DNA synthesis and mitotic indices 
to determine whether NaF was altering the cell cycle. The time of 
DNA synthesis was measured by 3 H thymidine autoradiography. 
These measurements are all indirect though since the cells that 
are being scored for chromosome damage are not necessarily those being 
measured. A more accurate analysis is available if the actual meta-
phase cells themselves are scored to ascertain which division they are 
in. This is especially pertinent here since these are the very cells 
that were scored for chromosome aberrations. 
Harlequin staining of. the human leukocytes allowed the metaphase 
cells to be scored for the number of divisions they had undergone in 
the presence of NaP (10 3M), trenimon (10-7 M), and both NaP (10 3M) 
-7 and trenimon (10 M), compared with the controls. 	Two experiments, 
using a male and a female donor respectively, were carried out to ensure 
there was no difference in the response of the two sexes. -Wide 
variation in average cell division time can occur in diferent donors 
(Crossen and Morgan, 1977). The repeat experiment was to determine 
whether the effect of fluoride was reproducible in different blood 



































Control 133 (12.3) 713 (66.0) 234 (21.6) 1080 
NaF 422 (39.3) 598 (55.6) 55 (5,1) 1075 
Trenimon 898 (83.1) 182 (16.9) 0 (0,0) 1080 
Trenimon + NaF1 937 (86.8) 143 (13.2) 0 (0,0) 1080 
Donor 
METAPHASE I 	METAPHASE II 
Treatment 	No,cells 	(%), 	No. cells 	•.(%) 
Control 178 (16,5) 645 (59,7) 
NaF 380 (35,3) 573 (53.3) 
Treminon 710 (65.0) 381 (34.9) 
Treminon + NaF 672 (70.0) 288 (30.0) 
Both NaF and trenimon delayed the division of the cells, and 
very few cells were seen in third division metaphase. 	In the control 
samples about 20% of the cells were in the third division (see Table 
25; Figures 15 & 16). The delay in cell divisions was nx'st marked with 
the trenimon-treated cells, and less marked with NaF treatment. The 
delay with joint treatment of NaP and trenimon did not differ signifi- 
cantly from the trenimon alone induced delay. 	Trenimon treatment 
retarded the cell cycle drastically, joe. over 80% of cells at metaphase 
in the first experiment, and 65% in the second, were at first division 
metaphase, The NaF-induced retardation may well have been masked, 
and did not lead to an additive retardation in combined treatment with 
t renimon, 
Thus, although Na.F did retard the cell cycle, no difference in the 
frequencies of the three classes, ofmetaphase division wasseenwhen 
trenimon, and trenimon plus NaF treatments were compared. The anti-
mutagenic effect seen by Obe and Slacik-Erben (1973) therefore does not 
appear to result from modification of cell cycle time resulting in 
different samples of the cell population being studied. 
The sister chromatid exchanges (SCE's) induced by trenimon and 
joint treatment with trenimon and NaP were scored. All slides were 
coded throughout to eliminate bias in scoring. 	25 cells were scored 
per treatment. NaP induced a higher yield of SCE's compared with the 
control (see Table 27), but joint treatment with trenimon produced a 
slightly lower yield than trenimon treatment itself. 
NaP appears, then, to induce a statistically significant increase 
in SCE's compared with controls, but produced a non-significant decrease 
when added with trenimon, compared with trenimon treatment alone. 
Thus the NaP does not appear to have the same effect in reducing 
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TABLE 27 
Trenimon treatment 10 7M. 
NaF treatment 10 3M. 
Total numbers of SCE per complete metaphase cell (46 chr) were scored. 







Total I cell 
3 4 4 3 2 5 2 2 2 5 5 8 4 99 3.96 
Control 4 5 4 3 4 3 24 6 8 3 4 
4 8 6 10 13 7 7 6 9 10 13 9 11 184 7.36 
NaP 
4 5 10 9 4 5 6 7 7 5 4 5 
37 42 40 46 32 36 38 61 53 65 76 70 78 1451 58.04 
Trenimon - 
74 59 65 85 69 61 58 68 53 59 61 65 
Trenimon 59 46 64 53 77 47 66 45 61 80 60 53 58 1397 56,08 
+NaF 
49 49 63 50 65 44 42 53 44 50 60 49 
The 	value for comparing SCE's per cells in control and fluoride 
treated is 5,32 for 48 degrees of freedom, which is highly significant 
at the 5% level. 
The 't' value for comparing SCE's per cell in Trenimon, and Trenimon 
plus fluoride treated series is 0,56 for 48 degrees of freedom, which is 
not significant at the 5% level. 
Unfortunately, the cytogenetic study on human lymphocytes in 
vitro was not completed since few of the slides prepared for the 
analysis of the effect of NaP on trenimon-induced chromosome breakage 
were scored. 	This was due to lack of time available at I.C.I. 




The work presented here was prompted by Vogel's finding (1973) 
that NaF eliminated chemically-induced sex-linked recessive lethals 
in Drosophila. The degree of elimination appeared to be related to 
the clastogenic potency of the mutagens. Results produced with other 
Diptera by BUchi and BUrki (1975), and Israelewski and Obe (1977) pro-
vided support for Vogel's finding. Obe and Slacik-Erben (1975) 
obtained data with human lymphocytes which further supported the 
proposal that NaF was specifically reducing the yield of chromosome 
breakage events. 
In the studies described here NaF was used in a variety of 
N. crassa systems to determine whether fluoride acts antimutagenically, 
and whether it selectively eliminates chromosome breakage events, e.g. 
deletions, 'During the course of the study-the findings of Vogel,. and 
of Obe and Slacik-Erben were also re-examined. 
Na! generally acted as an antimutagen in the experiments with the 
N. crassa mutational systems, but no significant evidence was produced 
to support Vogel's proposal that NsF selectively eliminates deletions. 
Furthermore results with certain test systems and treatment conditions 
showed that NsF could also have either no effect upon mutagenesis, 
e.g. with chemically-induced mutagenesis in Drosophila, or it could 
enhance the mutation frequency, e.g. UV-mutagenesis in the Break-Point 
N. crassa system. Other workers have also shown that NaP can act by 
enhancing mutagenesis, e.g. EMS-induced mutations in barley (Khalatkar 
et al., 1975). 
The initial work with - N..' crassa heterokaryons (Stadler!s and 
Atwood's systems) showed that NsF reduced the yield of chemically-
induced recessive lethals. 	The degree of reduction was dependent upon 
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the mutagen, and dose administered. When DEO- and DEB-induced re-
cessive lethal frequencies rose above 4%, fluoride in the plating 
medium eliminated up to 50% of the lethals induced. 	Recessive lethals 
induced by the mutagens A-137, and to a lesser extent NA, were not 
sensitive. 	Carofur-induced recessive lethals were sensitive to NaF, 
but the reduction was not statistically significant. 
These results could be held to be consistent with the view that 
the extent to which fluoride reduced the frequencies of induced re-
cessive lethals is related to the chromosome breaking ability of the 
mutagen used, since only the recessive lethals induced by clastogens, 
i.e. DEB, DEO and carofur, were sensitive to NaP, Furthermore, NaP 
had no effect upon DEB-induced adenine reverse mutations in KØlmarck's 
• strain, and these point mutations are unlikely to arise from deletions. 
However, .A-137, NA and carofur all induced low frequencies of ré-
cessive lethals compared with those induced by DEO and DEB. Therefore 
the lack of an antimutagenic effect of NaP on A-137 and NA-induced 
recessive lethals may have been due to the low levels of induced 
genetic damage rather than the nature of the damage itself. There 
was in fact a slight but statistically insignificant reduction in the 
induced recessive lethal frequency at higher NA doses with NaP post 
treatment. 
The dose of mutagen therefore appears to be an important factor 
governing the antimutagenicity of fluoride. NaP may only exhibit an 
antimutageniC effect in cells that have undergone drastic genetic 
and/or cytoplasmic damage. The alternative is that as Induced recessive 
lethals were only sensitive at higher frequencies, this may be related 
to the proposal that higher doses of mutagens are required to induce 
chromosome breakage (deletions) compared with gene mutation (Vogel 
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and Leigh, 1975). This could not be tested however in the recessive 
lethal systems on their own. 
The reduction in mutation frequency could not have arisen from 
alterations in permeability of the cell to the niutagen, or to a reduced 
activity of the mutagen due to in vitro interactions because NaF was 
administered as a post-treatment. NaP is therefore probably affecting 
either fixation or expression of the pre-mutational lesions. 
Thus the results with the two recessive lethal systems and 
KØlmarck's strain provide only indirect support for Vogel's proposal 
that NaY is selectively eliminating deletions. 	The results obtained 
with other N. crassa systems which allow the mutational end-points to 
be Identified more precisely, however, indicate that the antimutagenic 
effect of NaP is not limited to deletions, 
Analysis :of the DEO_inducedmtrL forward mutations in Stadler's 
mtr system indicate that both classes of end point ("point" mutations 
and deletions), are sensitive to fluoride action. 	The yield of detect- 
able mtr deletions and recessive lethals induced were disappointingly 
low though, and limitations of the system may prevent all but the 
largest deletions from being detected. Thémtr locus lies in between 
the pdx and Ar  A loci, which are about 4 map units apart (Stadler - 
personal communication). 	Assuming there are 1,000 map units, and 
4,5 x 10 
7 base pairs, in N. crassa (Perkins and Barry, 1977), then 1 
map unit is equivalent to 4.5 x 1O 4 base pairs. 	If one gene is 
taken to be equivalent to 1,000 base pairs, then there are 45 genes 
per map unit, and pdx and 	will be approximately 180 genes apart. 
Thus any mtr deletion would have to cover more than 90.  genes before 
they are detected, 
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Stadler (personal communication) found that only 5 out of 63 
X-ray-induced mtr mutations were classified as deletions. 	Thus 
even X-rays did not produce a high frequency of detectable mtr 
deletions. The lack of any observable selective effect by NaF on 
mtr deletions may be due to the very low frequencies of detectable 
deletions originally induced, i,e, the question is not resolved by 
using this technique. 
The de Serres system does not suffer from such limitations in 
deletion detection, and results show that simultaneous treatment of 
the conidia with DEO and NaP eliminated nearly all thead-3 mutants 
classified as deletions. However'ád-3 point mutations must also 
have been eliminated by fluoride since there was an overall reduction 
in the ad-3 mutation frequency. 
Even though Vogel (1973) stated that interactionsinvitrowere 
unlikely, the possibility of them occurring with the de Serres system 
cannot be completely ignored. However any reduction in mutagen dose 
by NaP would be expected to produce an increase in the survival levels 
compared with the mutagen treated series alone, and this did not occur 
in de Serreg system. NaP could not be administered as a post-treatment 
in de Serred system since it suppressed the formation of purple pigment. 
Fortunately this problem did not arise in the Break-Point system, 
and the possibilities of interactions in vitro were avoided. 
Both DEB-inducedad-3 point mutations and pFPA forward mutations were 
sensitive to post-treatment with NaP in the Break-Point system, The 
end-points induced by DEO were not as sensitive to fluoride action, but 
the mutation frequencies were lower than those induced by DEB. This 
again indicates the importance of mutagen dose in determining the 
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magnitude of the fluoride effect. DEB-induced pFPA mutations that 
were classified as deletions (although some may have resulted from 
chromosome loss) did not appear to be selectively eliminated by NaF. 
(see Fig. 12). 	Therefore NsF affects all types of mutation as long 
as the niutagenic dose is high. Because deletions are found to be 
more frequent on higher doses they appear to be more susceptible to 
NaP. 	This is an artifact since where evidence is available point 
mutations are also sensitive to NaP. 
It is concluded that when NaP is used as a post-treatment in N. 
crassa it acts as a true antimutagen and it reduces the yield of 
chemically-induced point mutations, deletions ,and recessive lethals, 
if high enough mutation frequencies are originally induced. 	It is 
assumed that the NaF-sensitive stage of mutagenesis in N. crassa occurs 
after the formation of the;premutationa1 lesions, 	- 
The antiniutagenic effect of fluoride could occur by either NsF 
affecting the repair of the pre-mutational lesions, or by it inhibiting 
the metabolic pathways required for expression of the fixed mutation. 
It is realized that numerous metabolic pathways are involved in muta-
genesis, and that very few stages of DNA repair are fully understood. 
However certain aspects of the biochemistry of fluoride appear to 
have a direct bearing on the modification of mutagenesis. by NsF. 
Fluoride inhibits various metabolic pathways in the cell, by 
generally forming fluoride-phosphate-magnesium (metal) complexes. 
NaP inhibits glycolysis and the tricarboxylic acid cycle (see review 
- Fluoride, 1971). 	It also affects fat metabolism (Johnson 
and Lardy, 1950), and produces serious disturbances in the energy 
levels of the cell. The levels of ATP generally decrease following 
the addition of NaP to mammalian Cells (Fluoride:, 1971). 
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Carlson and Suttie (1965) found fluoride inhibited growth and believe 
that the inhibition of protein synthesis is a major factor. 	NaF 
produces a nearly complete, but reversible, inhibition of protein syn-
thesis (Marks'etal. )  1965) and it specifically inhibits the initiation 
of new polypeptide chains on the ribosome, but does not apparently 
affect the rate of incorporation into previously initiated nascent 
chains, or inhibit the formation of completed chains. 
NaP also affects DNA synthesis ,and 0.16M NaP inhibits DNA poly-
merase reactions to about 90%, but the 	protein polymerase is 
not involved (Lehmann etal., 1958). 	Fluoride also inhibits RNA 	syn- 
thesis, and modifies the ratios of nucleotide species (Chang, 1968). 
Finally, Klein etal. (1974, 1976) found that NaP specifically 
inhibits DNA excision repair, and the phosphorylation of DNA precursors 
in vitro, and, at higher concentrations alters the levels of DNA, RNA 
and protein synthesis and alters the monokinase step of nucleotide 
phosphorylation. 	Excision repair is more prone to inhibition by 
fluoride than semi-conservative DNA synthesis, The action of NaF 
is not due to. specific inhibition of certain enzymes, but on the pro-
duction of precursors. 
The incision and re-synthesis steps of excision are known to be 
ATP-dependent (Masker, 1976), and the endonucleolytic step of cross-
link removal requires co-factor concentrations of APP (Yoakum et al., 
1976) and these processes will be directly affected by the inhibition 
of APP by fluoride. 
Fluoride therefore may be modifying mutagenesis by: 
1. Altering the energy levels available for the repair systems 
(as proposed by Mukherjee and Sobels, 1968), since excision 




Altering the available levels of substrate required for 
DNA repair since both Klein eta1. (1974, 1976) and Chang 
(1968) found that NaP alters the production and distribution 
of nucleic acid precursors. 
Direct inhibition of repair enzyniès. 	This may be unimportant 
since DNA polymerase (Lehmann et'al., 1958) and excision repair 
enzymes (Klein etal,, 1974, 1976) were not specifically in-
volved in the inhibition of DNA synthesis by NaP, 
4, Preventing certain repair systems from being induced, since 
NaF inhibits the initiation of new polypeptide chains on the 
ribosome, as well as inhibiting RNA synthesis. Therefore 
any further production of the constitutive repair enzymes, 
and the initiation of production of inducible repair systems, 
could be inhibited, 
Inhibiting the synthesis ofproteins which are required for 
the expression of the induced-mutations. This may not be 
so important with recessive lethal expression, but reverse 
mutations and mutations conferring resistance generally re-
quire synthesis of new proteins before the mutant genotype 
can be expressed. 
Any combination of these and other factors, e.g. by in-
hibiting one metabolic pathway fluoride could appear to 
enhance anothei due to the accumulation of a substrate 
common to both pathways. 
The pro-mutational lesions can be repaired by various repair path-
ways, but with different degrees of fidelity. 	DNA excision repair 
and error-prone repair do appear to exist inN. crássa (Schroeder, 
197 ), and a variety of other organisms (Hanawalt et al., 1979).. NaP 
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could inhibit all types of DNA repair, or alternatively it could pre-
ferentially or specifically inhibit only one type. 
Non-repair could occur by NaP inhibiting the repair systems either 
by direct inhibition of the repair enzymes, which appears to be unlikely 
(Klein et'al,, 1974, 1976), or by fluoride inhibiting the production of 
(a) substrates, (b) energy, and (c) co-factors, required for all types 
of genetic repair. However it is unlikely that NaP is completely in-
hibiting all types of repair since some lesions were converted into 
mutations, and these are believed to be due to mis-repair. 	Further- 
more, a significant reduction in survival would be expected if the pre-
mutational lesions were not repaired, since there is a big decrease in 
survival levels of repair-deficient bacteria compared with repair-
proficient strains when both are treated with chemical mutagens (Kada 
and Hirano, 1978), 	NO significant - decrease :in survival levels was 
seen in N. crassa following post-treatment of mutagenized cells, 
Therefore NaF is probably acting antimutagenically either by 
allowing, preferential repair of the lesions, or by preventing the ex-
pression of the fixed mutation. Preferential repair could be occurring 
if the different repair pathways had differing sensitivities to the 
action of fluoride. Excision repair is known to have a high require-
ment for ATP, whose production is inhibited by NaP, but the error-prone 
systems may not have such a requirement and may be able to function at 
lower ATP levels, 	Alternatively inducible repair systems, e.g. SOS 
repair (Witkin, 1976) may be inhibited by NaP as it inhibits RNA and 
protein synthesis, and therefore only the constitutive repair-systems 
(e.g. excision) would function. 
If error-prone repair is preferentially inhibited by NaP it would 
enable most of the pre-mutational lesions to be repaired by the error 
free (excision) repair systems, with a corresponding decrease in 
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mutation frequency. 
Changes in survival levels would be expected if the repair 
systems are selectively inhibited, with an increase in survival 
occurring if error-prone repair, is inhibited, and a decrease 
happening if error-proof repair is inhibited. 	In fact there was 
very little variation in survival levels between the control and 
mutagenized series, with and without fluoride post-treatment, and the 
cytotoxicity of fluoride itself, combined with the possible synerg-
istic action with the chemical mutagen, may mask changes in survival 
levels. 
It would be interesting to use NaF as a post-treatment in 
excision-repair. proficient and deficient strains of the Break-Point 
system of N. crassa, to see if fluoride is selectively acting on one 
or other of the repair systems since it would show whether there is 
a qualitative or quantitative difference in the effect of fluoride on 
the production of the two end points in the two different strains. 
NaP may be affecting the expression of the mutants, but the re-
construction experiments carried out on Atwood's recessive lethal system, 
Stadler's mtr forward mutation system, and the Break-Point system do 
not support this. 	Therefore fluoride may exert its effect at the 
fixation stage of mutagenesis. 
Not all the mutations induced in N, crassa systems however were 
sensitive to NaP, Olzsweskáetal. (1977) found DEB- induce dad-3 reverse 
mutation to be insensitive to fluoride, and UV-induced mutations in 
both Stadler's and the Break-Point system were either insensitive to 
fluoride, or the mutation frequency was enhanced. Thus fluoride can 
exhibit a variety of effects on mutagenesis even in the same organism, 
TABLE 26, The effect on fluoride on DEB-inducedad-3 reverse mutations 
in Kølmarck's strain, 
Surviving 
Post- 	Colonies 	% 	Conidia 	 X2 
	
Treatment Treatment (10r 4 of Survival Screened Mutants Mutants 1 d. I 
conidial 	 (x 106) 	 (x 10-6) 
suspension) 
Control - 807 100 11,5 
+ NaF 547 67,8 7,8 
10' DEB - 525 65.1 7,49 
+ NaP 306 37,9 4,36 
20' DEB - 168 20,8 2.39 
+ NaP 181 22.4 2,58 
30' DEB - 131 16.2 1.86 




27 3,60 <1 1 1 
14 3,21 N. S. 
21 8,79 <1,5 
16 6,20 
20 10,75. <1,5 
8 6.96 N.S. 
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and such factors as treatment conditions, metabolic state of the cell, 
time of addition of fluoride, may all have important roles in deter-
mining the eventual effect of fluoride on mutagenesis.. 
NaP may require widespread damage in the cell before it acts anti-
mutagenically. 	1311 is known to be absorbed primarily by the nucleic 
acids In the cell (Strickberger, 1968). 	Alkylating agents, eg. DEB and 
DEO, on the other hand, cause widespread damage throughout the cell. 
UV-mutagenesis may not induce enough overall damage for fluoride to 
exhibit the antimutagenic effect. However, this does not explain why 
ad-3 mutations In KØlmarck's strain were insensitive to fluoride, 
whereas mutations at the same allele in the Break-Point system were 
sensitive. The experiment with KØlmarck's strain was repeated using 
the same DEB treatment protocol, and NaF In the plating medium, to check 
that the result was not an artifact resulting from methodological errors. 
A reduction in mutation frequency was obtained following NaP post-
treatment (see Table 26),  so it is concluded that the original results 
may have been due to methodological error, or that perhaps the fluoride 
effect is very variable in Kølmarck's system. None of the reductions 
observed however were statistically significant, so perhaps NaF does 
not exhibit a strong antimutagenic effect in this particular system. 
Studies on Drosophila with other physical mutagens by Multherjee 
and Sobels (using X-rays, 1968) and Ivashchenkoet. (with y-rays, 
1971) showed that when NaP was injected into the flies as a pre-treat-
ment, it enhanced the mutation frequency. Mukherjee and Sobel's 
conclusion is that NaP Is inhibiting glycolysis, which generates ATP 
which Is required by the repair processes. 	Ivashchenkoeti. (1972) 
found that only the sub-lethal mutant frequencies were enhanced with 
fluoride treatment, and the frequency of lethals was decreased. The 
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net effect (% sub-lethal-mutants + % lethal mutants) between the NaF 
and non-NaP series was not significant. However if the sub-lethal 
mutants had been crossed again, any mosaic mutation would have been 
detected and these would be re-classified as lethal mutations, and this 
may have resulted in the lethal mutation frequency being enhanced by 
fluoride. 
Enhancement of mutation frequency by NaP however is also found 
with chemical mutagenesis, since Khalatkaretal, (1975) found that 
simultaneous treatment of barley seeds with EMS and NaP produced an in-
crease in mutation frequency. Pre- and post-treatments had no effect. 
The uptake of EMS, and extent of alkylation were the same for the 
series with and without fluoride, but joint treatment did retard the 
initiation of DNA synthesis compared with EMS treatment alone (which 
is not surprising when the biochemistry of fluoride is considered). 
Na.F was not mutagenic itself, and it must be acting after the induction 
of pre-mutational lesions and possibly on the repair system of the cell. 
The enhancement of mutagenesis in the systems mentioned above 
could occur if error-free (excision) repair, but not error-prone re-
pair, was inhibited by fluoride. Any preferential inhibition of 
excision-repair would enable the pre-mutational lesions to be 
converted into mutations by the error-prone systems. Semi-conservative 
DNA synthesis is not as sensitive to the action of fluoride as is ex-
cision repair (Klein et al., 1974, 1976), so the unrepaired pro-
mutational lesions could pass through DNA replication and become re-
paired, or converted into mutations, by error-prone repair. 
The results from the re-examination of Vogel's Drosophila study 
(1973) (which prompted this thesis) show that NaP has a negligible 
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effect upon the frequency of treninion-induced sex-linked recessive 
lethals when similar mutagen exposures were compared for the series 
both with and without fluoride. 	Vogel's results can:be accounted 
for by the differences in uptake of the various test solutions by the 
flies. Pre- and post-treatments of the flies with NaF showed that 
NaP had no effect upon the mutation frequency. Thus there appears 
to be little evidence to show that under these conditions NaP is an 
antimutagen, Furthermore, Ivaschenko and Grozdova(1972) found that 
fluoride has no effect on nitrosoethylurea (NEU)-induced mutations 
in Drosophila, when NsF is injected either before or after NEU treat-
ment, 
It is very likely that the reductions in chemically-induced 
mutation frequencies, byNaF, seen in other feeding experiments 
with Diptera (Israelwski and Obe, 1977; and BUchi and BUrki, 1975), 
which were also attributed to a real antimutagenic effect of fluoride 
are probably due to differential uptake of the mutagen by the feeding 
flies, NaI may be an antimutagen in DrosophiLa but not under the 
conditions used here. 
However, although the antimutagenic effect of NaP on chemical 
mutagenesis in Drosophila was an artifact, NaP does appear to inhibit 
the production of chromosome breaks. Obe and Slacik-Erben's study 
(1973), was re-examined and analysis of the effect of NaP and trenimon 
on cell division in the human lymphocyte system showed that both 
chemicals retarded the cell cycle time, but there was very little 
difference in the proportion of cells in metaphases I, II and III 
with trenimon treatment, compared with treninion treatment with 
fluoride. Thus the 25 - 50% reduction in trenimon induced chromosome 
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breakage that Obe and Slacik-Erben found following NaP joint treat-
ment cannot be attributed to different cell populations being sampled 
for the different series. 
Another explanation for this antimutagenic effect would be that 
Na.F is altering the permeability and uptake of the mutagen by the 
lymphocyte cell. This could be examined by measuring the alkylation 
levels of the DNA In the different series. However the dose of the 
mutagen appears to have been the same for the two series (with and 
without NaF), since the sister chromatid exchange (SCE) frequencies 
(which are assumed to give an indication of mutagen dose) were similar 
in both. 
Therefore NaP appears to have a true antimutagenic affect on 
chromosome breakage in human lymphocytes and the effect is not arising 
out of interactions in vitro, or sampling artifacts. 	The only doubt 
raised is that Obe and Slacik-Erben's results were not confirmed here 
since the experiments were not completed. 
Timing of the action of NaP was not possible inN. crassa since 
storage of mutagenized conidia also affects the mutational yield. 
Storage, and storage combined with NaP in the plating medium, and, 
NaP post-treatment alone, with Atwood's system,produce similar de-
creases in the DEB-Induced recessive lethal frequency compared with 
the unstored series. 	It is not possible to determine whether the 
class or classes of mutation that were sensitive to NaP were the same 
as those sensitive to storage,. Such analysis would have been carried 
out using de Serre system, if more time had been available at Research 
Triangle Park, There was no re4uction in the overallad-3 mutation 
frequency, or deletion frequency, when the mutagenized conidia were 
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stored for 171 hours in buffer with NaF, compared with buffer alone. 
However, as there was no unstored series in this experiment it is 
not valid to conclude that NaP and/or storage reduced the ad-3 mutation 
frequency as well as the proportion of ad-3 deletions originally 
induced. 
Storage experiments could not be carried out in either Stadler's 
mtr forward mutation system or the Break-Point system due to the 
latency of expression of the resistance phenotype of the mutants. 
This antimutagenic effect of storage, which was occasionally 
accompanied by an increase in survival compared with the treated, un-
stored series (see Experiment 4, Table 9a), resembles the effects 
of dark liquid holding in saline of UV-irradiated yeast, which produces 
an increase in survival as compared to the yeast plated immediately 
(Patrick etal 0 , 1972). Parry and Parry (1972) suggest on the  
basis of physiological and genetic data that more excision repair can 
occur with liquid holding as compared with immediate plating, but 
there is no such evidence for this happening in N crassa. 
The conclusiotthat can be drawn concerning the action of fluoride 
on mutagenesis are: 
NaF generally reduces the frequency of chemically-induced 
mutations inN. crassa (by up to 50% or more if the original 
mutation frequencies are high). 
NaP does not specifically eliminate one particular mutational 
end-point when acting as an antimutagen, though deletions - do 
appear to be preferentially, but not exclusively, lost in 
some systems. 
3. 	The antimutagenic action of fluoride occurs at the fixation 
or expression stages of inutagenesis in N. crassa. 
4.(a) UV-induced mutagenesis in N. crassa is either insensitive to, 
or enhanced by, NaP post-treatment. 
(b) X-ray induced mutagenesis in Drosophila, and EMS-induced siuta- 
genesis in barley are enhanced by NaP, and fluoride appears 
to alter the spectrum of mutational end-points induced by y-
rays in Drosophila. 
NaP reduces the frequency of chromosome breaks, but not the 
frequency of sister chromatid exchanges, in human lymphocytes. 
NaP has no effect on low frequencies of chemically-induced 
mutations in Drosophila. 
NaP can therefore act not only as an antimutagen,butalso as an 
enhancer of mutagenesis. When acting antimutagenically fluoride fails 
to differentiate between genetic damage arising from chromosome breakage, 
and damage arising from gene mutation. Furthermore the degree to which 
the mutation frequences are reduced by fluoride is related to the extent 
of induced genetic damage, and other factors such as the metabolic state 
of the cell, are also likely to modify the magnitude of the effect. 
Fluoride therefore has very limited use as a tool for investigating 
mutagenesis, and studying the difference in induction and expression of 
gene mutations and chromosome breaks. 
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TESTERS AND MEDIA USED IN ADENINE-3 TEST SYSTEM 
Complementation testers 
9 Testers were usedin the complementation tests.(See Fig. 17). 
5 Testers determined the complementation pattern of ad-3B mutants 
showing allelic complementation. 
ad-3B 
Tester 	Tester S -  brain'No. 	 Complons 	covered 
1 	 2-17 -258 	 1 
2 	 2-17 -123 	 2 
3 	 2-31 -8 	 10-11 
4 	 2-32 -3 	 15 
5 	 2-32 -5 	 16-17 
3 Testers determined the ;genotype and the final tester was a positive 
control for heterokaryon formation. 
Tester 
	Tester Strain No. 	 Genotype 
Tricaryon testers 
These 3 testers had a component I identical to heterocaryon 12 
used in the mutation experiments, but an altered component II.. 
Tester No. Strain No. Genotype 
X 	308 12 - 1 - 18 ad-3A 	ad-3B 
(irreparable) 
Y 	21 12 - 7 - 215 • ad-;. 3A 
(irreparable) 
Z 	38 12 - 5 - 182 ad-3B 
(irreparable) 
I 	 I 
I I 
I 	
' REGION I ad-3A 
I 	 I. 
I I 
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cumpImntatIon tester strains. 
MEDIA-1 used in ad-3 system 
Media Stock Neurospora No.1 0 Fries No. 3 Minimal medium 
(MEN NO. 1) 
MEN No. 2 	Westergaard's synthetic crossing medium. 
MEN No. 3 	Malt complete medium. 
1 litre 
H20 750 ml 
Fries 4 x's 250 ml 
Sucrose 20 g 
Malt extract 5 g 
Yeast extract 2.5 g 
Casamino acids 0,25g 
Biotin 1.0 ml 
Glycerol i0mi 
Vitamin solution 10 ml 
Yeast nucleic acids 1 ml 
Agar 10 g 
MSNNo.4, 	Hydrolyzed Yeast Nucleic Acid. 
Yeast nucleic acids 	 5 g 
1N NaOH 	 100 ml 
MSN No. 9. 	Sodium Phosphate Buffer solution (pH 7)0 








Mix 600 ml A with 900 B adjust to pH 7. 
A.2 
A,3 
MEDIA-2 used in ad-3 system. 
MSN No.* 11, 	Plating medium for heterokaryon 12 vegetative culture 0 
1 litre 
Fries 4 x's 250 ml 
H20 750 ml 
Glucose 0.5 g 
Fructose 0.5 g 
Sorbose 10 g 
Agar 15  
MSN No, 12 	Isolating medium for heterokaryon 12 vegetative culture. 
1.5 litre 
Fries 4 X's 	 375 ml 
HO 	 1125 ml 
Sucrose 	 22,5 g 
Agar 	 22,5 g 
MSNNo. 13 	Plating medium for heterokaryon 12 survival test. 
1 litre 
Westergaards minimal medium 
20 x's 50 ml 
H20 950m1 
Sorbose 10 g 
Fructose 0.5 g 
Glucose 0,5 g 
Adenine sulphate 12,5 mg 
Nicotinjmide 10 mg 
Arginine HCl 250 mg 
Trace 1 ml 
Biotin 1 ml 
CaCl2 1 ml 
Agar 15 g 
A. 4 
MEDIA-3 used in ad-3 system 
MSN No. 14 	Fries pH 8 medium 
Fries 1 x's minimal medium adjusted with iN NaOh to pH 8, 
MSN No. 15 	Medium for Forward mutation experiment, 
Jug medium 	 (for 20 jugs) 
9300 




MgSO4 7H2O 	 200g 
NaCl 	 20 g 
CaC12 	 20 g 
L-Arginine HC1 	 50g 
Nicotinimide 	 2 g 
Adenine sulphate 	 2.5 	(dissolve in lOOmi warm 1120) 
Biotin stock solution 	200 ml 
Trace elements 	 200 ml 
Dispense 500 ml into each 12 litre flask. Add 8900ml 1120  in each 
flask. 	Autoclave for 50 minutes, 
Carbon source 	for each bottle 
Sucrose 	 7,5 g 
Fructose 	 1 g 
Glucose 	 1  
H 
2 0 
	 100 ml 
Autoclave for 15 minutes. 
Sorbose 
Sorbose 	 150 g 
1120 	 500 ml 
Autoclave for 10 minutes. 
A.5 
MEDIA-4 
MSN No. 16 	Medium for Isolated Mutants (Heterokaryon 12) 
Westergaards salts 20 x's 	50 ml 
H20 	 950 ml 
L-Arginine HC1 	 0.25 g 
Adenine sulphate 	 0,1 g 
Nicotinimide 	 10 g 
Glucose 	 - 	7,5 g 
Fructose 	 7.5 g 
Trace elements 	 1 ml 
Biotin 	 1 ml 
CaC12 	 1 ml 
Agar 	 12 g 
N No, 21 	Plating medium for making mutant homokaryotic. 
Two types of media. 
Type A. 	Westergaards salts 50 ml 	1 litre 
1120 - 950 ml 
Sorbose 10 g 
Fructose 0.5 g 
Glucose 0.5 g 
Nicotinimide 10 mg 
Arginine HC1 0.1 g 
Trace elements 1 ml 
Biotin 1 ml 
CaC12 1 ml 
Agar 15 g 
Type B. Same as Type A + 2mg adenine sulphate. 
MEDIA-5 
MSN No. 22 	Plating medium for Dikaryon and Trikaryon tests, 
1 litre 
Fries salts 	 250 ml 
H 2 0 	
750 ml 
Adenine sulphate 	 100 rng 
Calcium pantothenate 	 10 mg 
Nicotinjmide 	 10 mg 
Sorbose 	 10 g 
Fructose 	 0,5 g 
Glucose 	 0.5 g 
Agar 	 15g 
Autoclave and keep at 45 °C. 
MSN No., 23 	Isolation and subculture medium for dikaryon and 
trikaryon tests. 
1 litre 
Fries salts 	 250 ml 
H20 	 750 ml 
Calcium pantothenate 	 10 mg 
Nicotinimide 	 10 mg 
Adenine sulphate 	 100 mg 
Fructose 	 7.5 g 
Glucose 	 7.5 g 




MEN No, 24a 	Trikaryon flooding medium 
Fries salts 250 ml 	1. litre 
H20 750 ml 
Fructose 7,5 g 
Glucose 7,5 g 
Adenine sulphate 100 mg 
Nicotini.mide 10 mg 
Calcium pantothenate 10 mg 
Agar 12 g 
MSN No, 24b 	Trikaryon unslanted forming medium 
Fries salts 250 ml 	1 litre 
H 2  0 
750 ml 
Nicotini.mide 10 mg 
Adenine sulphate 100 mg 
Calcium pantothenate 10 mg 
Sorbose 10 g 
Glucose 0,5 g 
Fructose 0.5 g 
Agar 12 g 
MSN No, 26 Trikaryon isolation medium 
Type 1 Fries 	 250 ml 	1 litre 
H20 	 750 ml 
Calcium pantothenate 	 10 mg 
Glucose 	 0.5 g 
Fructose 	 0.5 g 
Sorbose 	 10 g 
Agar 	 15g 
Type II Type I + 100mg adenine sulphate. 
A. 8 
MEDIA-7 
MSN NO O 27 	Complementation test medium (subculture medium for 
unknown mutants) 
Fries salts 	 250 ml 	1 litre 
H 
2 0 
	 750 nil 
Sucrose 	 15 g 
Adenine sulphate 	 1 g 
Nicotinjmide 	 10 g 
Agar 	 12 g 
MSN No. 28 	Complementation test medium 2 (for growing tester 8) 
Fries salts 	 250 ml 	1 litre 
H 2 0 	 750 ml 
Sucrose 15 g 
DL-histidlne Rd. H2 0,A grade 100 mg 
Nicotinjmide 10 mg 
Agar 	 15 g 
MSN No.' 29 	Complementation test medium 3. 	(for growing tester 9) 
Fries salts 	 250 ml 	1 litre 
1120 	 750 ml 
Glucose 	 10 g 
Adenine sulphate 	 100 mg 
Inositol 	 8 mg 
Agar 	 15 g 
A. 9 
MEDIA-8 
MSN No. 30 	Complementation test medium 4 (for 7 other testers) 
Fries salts 	 250 ml 	1 litre 
H 
2 0 
	 750 ml 
Glycerol 	 10 ml 
Yeast Extract 	 2.5 g 
Enzymatic casein hydrolysate 	1 g 
Vitamin solution 	 10 ml 
Yeast nucleic acid 	 1 ml 
Adenine sulphate 	 500 mg 
Agar 	 15g 
MSN No, 31 	Liquid complementation medium 
Fries salts 	 250 ml 	1 litre 
H 
2 0 
	 750 ml 
Sucrose 	 15 g 
Calcium pantothenate 	 10 mg 
Cas amino acids 	 200 mg 
Adenine sulphate stock 	 1 ml 
(10mg ad SO4/lOO ml H20) 
MSN No. 34 	Plating medium for plating suspensions, made from 
silica gel crystals. 
Fries salts 	 250 ml 
H20 	 750 ml 
Sorbose 	 7.5 g 
Fructose 	 0.5 g 
Glucose 	 0.5 g 
Calcium pantothenate 	 10 mg 
Agar 	 15 g 
MEDIA-9 
MSN No, 37 	Skim milk 
Instant non-fat dry milk 	7.5 g 
H20 	 100 ml 
Dispense 3ml/small test tube, Autoclave, 
MSN No, 38 	Silica gel tubes 
Fill tubes (13mm x 100mm) approximately 3/4 full with 6 - 12 
mesh anhydrous silica gel. Plug the tubes with teflon-lined 
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Summary 
Simultaneous feeding of sodium fluoride and some chemical mutagens to 
Drosophila has been reported to reduce the yield of induced mutations com-
pared with feeding the mutagens alone. This observation has been interpreted 
as a genuine case of antimutagenesis in which fluoride specifically inhibits the 
induction of chromosome breaks. An alternative hypothesis is that the presence 
of fluoride inhibits the uptake of the mutagen solutions, producing the same 
effect as an antimutagen, but for a trivial reason. We have tested this hypothesis 
using radioactive labelled sucrose to measure the uptake of test solutions. The 
results show that differential uptake can account for the "antimutagenic" 
effects reported in Drosophila. Comparison of recessive lethal frequencies 
induced by Trenimon and PDT do not support the hypothesis that fluoride has 
any genuine antimutagenic action. 
Antimutagenic effects of fluoride have been reported in other systems. We 
cannot exclude the possibility of some genuine effects but we consider that 
these reports should be critically re-examined in the light of our present find-
ings. 
It has been reported that sodium fluoride (NaF) has a powerful modifying 
effect on the mutagenicity of some chemicals in Drosophila. Vogel [11] found 
that the frequency of sex-linked recessive lethal mutations induced in flies fed 
on Trenimon was reduced from 10 to 2% if NaF was included in the test solu- 
Abbreviations: A137, 2.ethyleneimino-5,6,7,8-tetrahydronaphthoquinone; A139, 2.5-bis(methoxy-
ethoxy)-3.6-bls.ethyleneimino-p-benzoquinone; DMSO, dimethylsulphoxlde; EMS, ethyl methane-
suiphonate; PDT, 1.phenyl3 ,3-dimethyltrlazene; TEB. 2,3 ,5,6-tetraethylenefmino-p-benzoquinone; 
Trenimon, 2,3,5-tris-ethyleneimino-p-benzoquinone. 
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tions. The mutagenicity of PDT was also reduced by the addition of NaF, 
though only to about half the frequency without fluoride. There was no fluo-
ride effect on mutations induced by A137. Vogel proposed that fluoride might 
act by specifically inhibiting the induction of chromosome breaks since the 
extent of the fluoride effect was correlated with the chromosome-breaking effi-
ciency of the chemicals tested. 
A chemical which interacts with a mutagen to reduce the yield of mutations 
may be described as an antimutagen. It is clear that there are many levels at 
which an antimutagen may act. For example, chemicals may modify the inter-
action between a mutagen and DNA, or they may modify the subsequent con-
version of interaction products into mutations. Chemicals which produce such 
modifications may be regarded as genuine antimutagens. On the other hand 
chemicals may exercise their "antimutagenic" effects by, for example, inac-
tivating a mutagen before it reaches the DNA or by modifying the uptake of a 
mutagen into the target cell. By reducing the dose of mutagen received by the 
target DNA a chemical may appear to be an ántimutagen. Such effects would 
be of trivial importance in the study of the mechanisms of mutation. 
In his study of the effect of NaF on mutations induced by Trenimon, PDT 
and A137, Vogel [11], excluded the possibility of an in vitro inactivation of 
the mutagens by NaF. He pointed out that NaCl should react more readily with 
Trenimon than should NaF. If an in vitro inactivation of Trenimon were the 
cause of the apparent antimutagenicity of NaF then NaCl would also be 
expected to have strong antimutagenic properties. In fact, NaCl had no effect 
on the frequency of Trenimon-induced recessive lethals. In his paper, Vogel did 
not consider the possibility that the uptake of the mutagen solutions might be 
modified by the addition of NaF. For example, if NaF was distasteful to Dro-
sophila they might eat less of test solutions containing NaF and thus receive 
lower doses of mutagens. If this was indeed the case we would expect that NaCl 
would not modify the uptake of test solutions, since NaCl does not share the 
antimutagenic properties of NaF. In addition, the modifying effect of NaF 
would be most marked with Trenimon, less so with PDT and absent with A137. 
We have tested these predictions by using radioactive labelled sucrose to mea-
sure the uptake of test solutions by male Drosophila. 
Materials and methods- 
Flies and treatment 
Male OrK Drosophila melanogaster were treated in sealed 1-I flasks. Test 
solutions (2 ml) were placed at the bottom of the flasks in 2.5-cm plastic dishes 
containing a filter-paper wick. The test solutions were either 1 or 5% sucrose to 
which mutagens, NaF (12 mM), NaCl (12 mM), and/or radioactive sucrose were 
added as required. Within each experiment the flies were all the same age, 
between experiments the age varied from 3 to 8 days. Sex-linked recessive lethal 
frequencies were determined by the Muller-5 method. Immediately after treat-
ment males were mass mated to M-5 females in the ratio of 2 females per 
treated male. 
Uptake of radioactive sucrose solutions 
[U- 14C]sucrose (high specific activity, Radiochemical Centre, Amersham) 
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was added to test solutions so as to give about 106  counts/min/ml (cpm/ml). 
The specific activity of each test solution was measured. The uptake of the test 
solution was determined by measuring the amount of 14C in the flies after treat-
ment and the amount of 14C expired as CO 2 during treatment. The total num-
ber of counts per minute taken up by the flies was divided by the specific activ-
ity of the test solution to give the volume consumed. 
The amount of ' 4C in the flies was determined by homogenizing them in 
water then solubilizing in 2 vol. of NCS tissue solubilizer for 5 h. The solu-
bilized flies were added to EMI Micellar Scintillator ME 260 and counted in a 
scintillation counter. Expired CO 2 was absorbed in 1 ml of 5 M KOH contained 
in a vial suspended in the treatment flask. The ' 4C in the KOH was counted in 
the same way as in the solubiized flies. Background counts were determined 
for flies and KOH when the flies were prevented from feeding on the labelled 
sucrose. These control counts were subtracted from the values obtained in the 
feeding experiments. 
Results 
We first compared the uptake of radioactive labelled sucrose solutions in the 
presence and absence of NaF and NaCl. Table 1 shows the result of a typical 
experiment. The addition of NáF caused a marked reduction in the uptake of 
test solutions. In 4 experiments the reduction varied from 82 to 62%. No such 
effect has been observed with NaCl. In addition it was clear from watching the 
flies that less feeding took place in the presence of NaF. 
We next investigated the effect of Trenimon (0.01 mM), PDT (1 mM) and 
A137 (5 mM) on the uptake of labelled sucrose solutions in the presence and 
absence of NaF. As Fig. 1A shows, the addition of A137 caused a large 
decrease in uptake compared with sucrose solution alone. There was no further 
reduction when NaF was also added. These results were supported by the ob-
servation that very few flies were seen feeding on test solutions containing 
A137. Uptake was also reduced in the presence of PDT though the effect was 
smaller than with A137. In this case the addition of NaF caused a further 
reduction in uptake, to a level very similar to that caused by NaF alone. In a 
later experiment it was shown that Trenimon had little or no effect on the 
uptake of labelled sucrose solution (Fig. 2). 
TABLE 1 
UPTAKE OF LABELLED SUCROSE IN 1% SUCROSE SOLUTION ALONE AND PLUS NaCl OR NaF 
44,8-day-old males were used in each treatment. Exposure was for 17 h. 
(b) 	 (a) 
Specific 	 Total cpm 
activity 1 ml KOH 	44 flies 	(KOH + flies) 	solution 
of test 	 taken up per 
solution fly (p1) 
(cpm/ml) 	 (=alb/44) 
1% sucrose 	615 000 	14 260 	 5 620 	19 880 	 0.73 
+12mMNaC1 651940 15697 3606 19303 0.67 
+12mMNaF 	612520 	2826 	 742 	 3568 	 0.13 
r 
hA 
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001mM 	1mM P01 	5mM A137 
Trenimon 
Fig. 1. (A) Uptake of labelled 1% sucrose solutions in the presence and absence of PDT, A137 and NaF. 80 
males were used in each treatment. Treatment was for 17 h. (B) Data from Vogel [11] showing the fre-
quencies of recessive lethals induced in Drosophila sperm by Trenimon, PDT and A137. 
These experiments showed that the magnitude of the reduction caused by 
NaF was negatively correlated with the extent to which the mutagens alone 
reduced uptake. For comparison Fig. lB contains the sex-linked recessive lethal 
frequencies obtained by Vogel [11] in similar experiments with Trenimon, 
PDT and A137. 
The experiment to measure the uptake of solutions containing PDT and/or 
NaF was repeated with very similar results, and the recessive lethal frequencies 
induced by the various treatments were determined (Table 2). 
Finally we tried to show whether NaF had any modifying effect on mutation 
frequency when the uptake of mutagen was the same in the flies with and 
without NaF. A number of identical groups of flies were treated with Trenimon 
for different times in the presence and absence of NaF. The measured uptake 
of the test solutions is plotted in Fig. 2. It can be seen that a 10-h treatment 
with Trenimon alone resulted in a similar level of uptake to a 20-h treatment 










0 	 10 	 20 	 30 
Time (hours) 
Fig. 2. Uptake of labelled 1% sucrose solution alone (s), plus 0.01 mM Trenimon (0) or plus 0.01 mM 
'I'renimon and 12 mM NaF (0).  100, 3-day-old flies were used to determine each point. 
TABLE 2 
UPTAKE OF, AND RECESSIVE LETHALS INDUCED BY, LABELLED 5% SUCROSE SOLUTION 
PLUS NaF AND/OR PDT 
60, 5-day-old males were used in each treatment. Exposure was for 17 h. PDT was dissolved in DMSO so 
each test solution also contains 10 pI of DMSO. The controls without PDT show no detectable increase in 
recessive lethaLs which could be attributed to the presence of small amounts of [U-14 C] .  
Uptake per fly 	Number of 	 Number of 	Frequency 
(p1) 	 chromosomes lethals 	 of lethals 
tested 	 (%) 
5% sucrose 	 0.45 	 197 0 0 
+12mMNaF 0.15 192 0 0 
+1mM PDT 	 0.32 	 351 24 6.8 
+12mM NaF 0.14 423 17 4.0 
+1mMPDT 
TABLE 3 
UPTAKE OF, AND RECESSIVE LETHALS INDUCED BY, LABELLED 1% SUCROSE SOLUTION 
PLUS TRENIMON WITH AND WITHOUT NaF 
100. 3-day-old males (were used in each treatment. 
Exposure 	Uptake 	Number of 	Number of 	Frequency 
time 	 per fly chromosomes lethals 	 of lethals 
(bra) (p1) 	tested 	 (%) 
1% sucrose 	 10 	 0.15 	805 	 17 	 2.1 
+0.01mM 
Tremmon 
1% sucrose 	 20 	 0.16 	897 	 22 	 2.5 
+ 0.01 mm 
Trenimon 
+ 12 m NaF 
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these 2 treatments were determined (Table 3), and show no evidence for any 
modification by NaF. 
Discussion 
Our results clearly show that the uptake of a radioactive labelled sucrose 
solution by male Drosophila is considerably reduced by the addition of 12 mM 
NaF. Presumably the uptake of a solution containing a mutagen could similarly 
be reduced by NaF. In this case NaF would reduce the yield of mutations 
induced by a given time of feeding although the effect would not fall within 
most definitions of "antimutagenesis". We suggest that this is the precise mech-
anism of the reported "antimutagenic" action of NaF on Trenimon- and PDT-
induced recessive lethals. 
The results presented here agree very closely with those obtained by Vogel 
[11]. He found that NaCl had no antimutagenic effect, we find that NaCl does 
not appear to have any effects on the uptake of test solutions. He found that 
the antimutagenic action of NaF was strongest for Trenimon-induced muta-
tions, less marked with PDT and absent altogether with A137. We found that 
the effect of NaF on the uptake of the 3 mutagens showed a similar pattern 
(Figs. 1 and 2). The most likely explanation for the differences between the 
3 mutagens is that Drosophila did not find them all equally palatable at the 
concentrations used. A 0.01 mM solution of Trenimon in 1% sucrose was not 
discriminated against by the flies whereas 5 mM solution of A137 was evidently 
so unpalatable that even the addition of 12 mM NaF failed to increase its repel-
lant properties. 1 mM PDT came between these 2 extremes, it was not a 
favoured item of diet but nonetheless was eaten in larger quantities if NaF was 
excluded. This result does not imply that A137 is inherently more distasteful 
than Trenimon since the A137 was fed at a 500-fold greater molar concentra-
tion than was Trenimon. 
Vogel found that,NaF only modified the mutagenicity of Trenimon if both 
substances were fed to the flies simultaneously. Pretreatment or post-treatment 
with NaF gave 10.4 and 6.2% recessive lethals compared with 9.5% for Treni-
mon treatment alone. The reduction in frequency following post-treatment was 
not statistically significant (0.05, < P < 0.1). This result is not easy to explain if 
fluoride has a genuine modifying effect on Trenimon-induced DNA damage. 
However, it requires no explanation if the only effect of NaF is to modify the 
received dose of mutagen by inhibiting uptake. It would be expected that only 
by simultaneous feeding of NaF would the received dose be substantially modi-
fied. 
These results provide a simple explanation for the reported modification by 
NaF of mutagenic response in Drosophila, the modification being accounted 
for by effects on the uptake of mutagen. We have also carried out experiments 
to determine whether NaF has any effect on the frequency of recessive lethals 
when the uptake of mutagen is similar in the presence and absence of NaF. As 
Table 3 shows there was no evidence for any modifying effect of NaF on simi-
lar doses. of Trenimon. The frequency of lethals induced by PDT with and 
without NaF also failed to indicate any effect (Table 2). 
Since Vogel's original paper [11], several authors have observed antimuta- 
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genic effects of NaF [1-3,8-10]. Several reports involve feeding experiments 
with insects [1-3] but none of these controlled for differential uptake in the 
presence and absence of fluoride. Obe and Slacik-Erben [8,10] reported that 
NaF had a suppressive effect on the induction of chromosome breaks in human 
cell cultures by Trenimon, TEB and A139. The authors pointed out that the 
treatments may modify the cell cycle so that different parts of the cell popula-
tion were sampled in different treatments. Wolff and Arutyunyan [12] have 
reported an apparent antimutagenic effect in human lymphocytes which they 
showed was an artefact of cell selection. Although Obe and Slacik-Erben con-
trolled for this possibility it was clearly very difficult to interpret the results of 
the experiments. One unexpected result was that continuous treatment with 
NaF did not significantly reduce the frequency of chromosomal aberrations 
induced by Trenimon. A significant reduction was only seen when NaF was 
present for part of the total culture time. The authors concluded tentatively 
that NaF had a genuine antimutagenic action. In Neurospora it has been shown 
that NaF can reduce the yield of mutations induced by diepoxybutane [9] 
although the level at which this effect occurs is uncertain, and the phenomenon 
is being re-examined in the light of our new interpretation of the Drosophila 
results. 
There are a number of reports that NaF can enhance the yield of mutations 
induced by chemicals and radiation. Khalatkar et al. [4,5] found that the yield 
of EMS induced chlorophyll mutations in barley was increased in the presence 
of NaF. In Drosophila the yield of sex-linked recessive lethals induced by 
X-rays was higher after pre-treatment with NaF [7]. This effect was attributed 
to an inhibition of DNA repair by NaF. Mendelson [6] found no significant 
effect of NaF on X-ray-induced sex-chromosome loss or autosomal transloca-
tions in Drosophila. 
It is not clear at present what effects, if any, NaF has on the interaction of 
chemicals with DNA and the subsequent expression of interaction products. 
The results reported in this paper, however, lead to an unequivocal conclusion. 
We conclude that most, if not all, of the "antimutagenic" effect of NaF 
reported in Drosophila is the result of differential uptake of mutagen. solutions 
in the presence or absence of NaF. We cannot exclude the possibility that small 
antimutagenic effects may exist, of the sort reported in other systems. How-
ever, these reports should clearly be re-examined since the observations which 
led to Vogel's original report of antimutagenesis by fluoride can now be 
accounted for without invoking any genuine antimutagenic action. 
The problem of comparing administered with received doses in Drosophila 
feeding tests is one which is rarely considered but it is clearly of some impor-
tance. For example the relative effectiveness of different mutagens can hardly 
be compared simply by considering administered doses, since different chemi-
cals may be eaten at different rates. Similarly any study of the kinetics of mu-
tation induction in Drosophila would be likely to fall into error if the received 
dose were calculated by assuming a simple concentration X time dose rate. 
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